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[57] ABSTRACT

.Apparatus and method of producing a halftone image
reproduction of a continuous tone photograph. Scan-
ning means is provided to scan the photograph to be
reproduced along a series of scan lines. Incremental
control parameters are provided in accordance with a
reproduction ratio to define predetermined scan sample
points for each scan line. Control means is provided for
controlling the scanning means to produce successive
sets of digital sharp and unsharp gray level data signals
at the predetermined scan sample points proportional to
the light reflected from successive concentric sharp and
unsharp areas with the sharp area at each scan sample
point corresponding to the general area of a predeter-
mined portion of a halftone cell. The successive sets of
digital sharp and unsharp gray level data signals are
combined in accordance with a sharpness factor having
a predetermined value in accordance with the original
image being scanned to produce a succession of digital
resultant gray level data signals which are processed
into halftone digital data signals and applied to a photo-
sensitive material to produce a halftone image repro-
duction of the continuous tone original photograph.

20 Claims, 70 Drawing Figures
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1

APPARATUS AND METHOD FOR DIGITAL
HALFTONE REPRODUCTION

BACKGROUND OF THE INVENTION

This invention relates to an image reproduction sys-
tem and, more particularly, to a digital system for pro-
ducing a halftone image reproductlon of a continuous
tone original image.

Halftone reproduction methods have heretofore uti-
lized a technique in which a continuous tone photo-
graph is reproduced through a halftone screen upon a
high contrast photosensitive material. The screen may
be made of two sheets of glass, each covered with black
lines, and oriented so that the black lines on one are at
right angles to the lines on the other. The screen permits
light to pass only through the spaces between the lines
so that the light is broken into tiny dots, the size of each
of which is proportional to the amount of light reflected
from the various tones in the original picture. The re-
flected light passing through the screen is photographed
on a high contrast photosensitive material which is then
developed, transferred to an engraving plate which is
then etched by standard photo engraving techniques to
produce a metal plate ready for printing. Another co-
ventional and currently more popular camera screen
halftone technique is to replace the ruled glass screen
with a contact screen which allows for better brightness
distribution. Both of these techniques require consider-
able amount of camera work artistry, opto-mechanical
expertise and a great deal of processing labor in order to
produce high quality halftone reproductions.

The advent of nodern day electronic photocomposi-
tion systems in the printing and publishing industry has
produced devices which are capable of high speed pro-
duction of justified copy on photographic materials
ready for flat engraving or paste up for letter press or
lithographic reproduction. However, these photocom-
posers have limited capability and do not completely
satisfy the need for high speed full page newspaper
production, mainly because of the inability of these
systems to include continuous tone graphics in their
format.. Much work has been done in an attempt to
produce electronic halftones which are quality competi-
tive with original camera-screened halftones and com-
patible with a text composing system. However, the
various techniques proposed have yet to produce a
halftone quality which is competitive with the camera-
screening technique.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the invention to pro-
vide high quality electronic halftone image reproduc-
tion of a continuous tone photograph.

Another object of the invention is to provide elec-
tronic halftones which are compatible with text photo-
composing systems.:

In accordance with the invention, a scanner/plotter
system is provided for producing a halftone image re-
production of a continuous tone original image. Scan-
ning means is provided to scan the original image along
a series of scan lines. A set of incremental control pa-
rameters is provided in accordance with a reproduction
ratio which may vary from an enlargement to a reduc-
tion of the original image. The set of incremental con-
trol parameters “define predetermined scan sample
points at which scan samples-are taken. Control means
is provided for controlling the scanning means to pro-
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duce successive sets of digital sharp and unsharp gray
level data signals at the predetermined scan sample
points proportional to the light reflective density of
successive sets of concentric sharp and unsharp elemen-
tal areas with the sharp area at each scan sample point
corresponding to the general area of a predetermined
portion of a halftone cell to be reproduced. The succes-
sive sets of digital sharp and unsharp gray level data
signals are then combined in a predetermined manner to
produce a succession of digital resultant gray level data
signals. The digital resultant gray level data signals are
then processed into halftone data signals and applied to
a photosensitive material for producing a halftone
image reproduction corresponding to the continuous
tone original image.

An advantage of this technique of electronic halftone
reproduction is the ability to control the halftone dot
shape independent of the halftone cell shape by dividing
the normal halftone cell geometry into a predetermined
number of areas thereby permitting a halftone repro-
duction to be produced, the quality of which is competi-
tive with the conventional camera screen halftone.

Another advantage of this technique of electronic
halftone reproduction is the addition of controllable
unsharp masking for each sharp area resultmg in a
sharpness enhanced output which further improves the
quality of the halftone reproduction.

Still another advantage of this reproduction system is
the conversion of resultant gray level value data to
halftone data wh1ch is compatible in format with text
data.

The foregoing and other objects, features and advan-
tages of the invention will be apparent from the follow-
ing more particular description of the preferred embodi-
ment of the invention, as illustrated in the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a diagram of how FIGS. 1A and 1B may be
placed to form a composite block diagram.

FIGS. 1A and 1B, taken together, comprise a block
diagram of the scanner/plotter system of the present
invention.

FIG. 2 is a diagram ﬂlustratmg representative vari-
able scan sample mput sizes relative to a fixed plot half-
tone cell output size for different reproduction ratios.

FIG. 3 is a diagram illustrating the halftone reproduc-
tion formed by bands of plot data.

FIG. 4 is a diagram of the optical head assembly
including scan and plot sections.

FIG. 5 is a diagram illustrating the normal halftone
cell geometry divided into four quadrants and the sharp
and unsharp area associated with a quadrant 1 scan
sample point.

FIG. 6 illustrates edge enhancement and the extent of
edge enhancement.

FIG. 6A illustrates a scan sample point at the demar-
cation line between a dark and light picture portion.

FIG. -6B illustrates in graphic form the course of
brightness resulting from the sharp area A and from the
unsharp area B in close proximity to both sides of the
demarcation line.

FIG. 6C illustrates in graphic form the variation of
tone density as influenced by different sharpness factor
values.

FIG. 7 illustrates the plot results in which a single
sample is taken per halftone cell.
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FIG. 8 illustrates the plot results in which quadrant
sampling is performed with the sharpness factor K=0.

FIG. 9 illustrates the plot results in which quadrant
sampling is performed with the sharpness factor K=3.

FIG. 10 illustrates the reproduction control parame-
ters required for quadrant scan data collection as well as
the variation in scan spot size of the sharp and unsharp
areas.

FIG. 11 illustrates in graphic form a- relationship
between halftone number values and gray level values
for different scanned documents.

FIG. 12 illustrates the layout of a halftone cell with
halftone value assignment and quadrant delinears.

FIG. 13 illustrates a halftone cell with four different
quadrant values and the quadrant values surrounding
the cell which are produced as a result of a representa-
tive scan operation.

FIG. 14 illustrates the relationship of the individual
spot within the halftone cell for the illustrated example
of FIG. 13 based on the halftone pattern of FIG. 12.

FIG. 15 illustrates the relationship of the plot bands
to the halftone pattern.

FIG. 16 illustrates the various plot options.

FIG. 16A illustrates the normal-positive plot pattern
for plotting data bytes as received.

FIG. 16B illustrates the normal-negative plot pattern
for inverting data bytes prior to plotting.

FIG. 16C illustrates the mirror-positive plot pattern
for swapping the bits within a data byte before plotting.

FIG. 16D illustrates the mirror-negative plot pattern

—_
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in which the bits within a data byte are swapped and

inverted before being plotted.

FIG. 17 illustrates the format of a control set up
command, the format of the control bytes associated
with that command and a timing diagram of the execu-
tion of the command.

FIG. 18 illustrates the format of a control set repro
command, the format of control bytes associated with

_that command and a timing diagram of the execution of
thé command.

FIG. 19 illustrates the format of a load scan buffer
command and a timing diagram of the execution of the
command.

FIG. 20 illystrates the format of a read buffer com-
mand and a timing diagram of the execution of the
command.

FIG. 21 illustrates the format of the control drum
stop command and a timing diagram of the execution of
the command. .

FIG. 22 illustrates the format of a write command
and a timing diagram of the execution of the command.

FIG. 23 is a diagram of how FIGS. 23A through 230
may be placed to form a composite block diagram.

FIGS. 23A through 230, taken together, comprise a
detailed schematic diagram of the scanner/plotter con-
trol unit of the present invention.

FIG. 24 is a diagram of how FIGS. 24A through 24D
may be placed to form a composite block diagram.

FIGS. 24A through 24D, taken together, comprise a
detailed schematic diagram of logic for producing con-
trol signals used in computing the RGL value.

FIG. 25 comprises a timing diagram of a cycle of
operation of the scanner/plotter control unit during
sequence 0 or 3 of a scan operation.

FIG. 26 comprises a timing diagram of a cycle of
operation of the scanner/plotter control unit dunng
sequence 1 or 2 of the scan operation.
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FIG. 27 illustrates a table lookup operation for trans-
lating RGL. values to halftone number values.

FIG. 28is a.diagram of how FIGS. 28A through 28J
may be placed to form a composite block diagram.

FIGS. 28A through 285, taken together, comprise a
detailed schematic diagram of the data processing appa-
ratus of the present invention.

FIG. 29 is a diagram of how FIGS. 29A and 29B may
be placed to form a composite block diagram.

FIGS. 29A and 29B, taken together, comprise a tim-
mg diagram of a cycle of operation of the data process-
ing apparatus for a write operation.

FIG. 30 illustrates the relationship between revolu-
tions and sequences during a write operation of the data
processing apparatus.

FIG. 31 comprises a timing diagram of a cycle of
operation of the data processing apparatus for a read
operation.

FIG. 32 comprises a timing diagram of a cycle of
operation of the Y control.

FIG. 33 comprises a timing diagram of a cycle of
operation of the scanner/plotter control unit during a
plot operation.

‘The specific description of the invention will be de-
veloped with reference to the topics and subtopics
noted in the following index of the subject matter of the
present invention.

GENERAL DESCRIPTION OF
SCANNER/PLOTTER SYSTEM

Referring to FIG. 1 there is shown a data flow block
diagram of the scanner/plotter system-including some
of the more significant control lines. The system in-
cludes a drum section, an optical head assembly and
scanner/plotter control unit connected to the channel
of a Data Processing System.

The drum section includes drum 2 having a circum-
ference of approximately 23.1 inches and a length of
approximately 24 inches, shaft encoder 4, drum motor 6
and a belt pulley assembly to obtain the desired drum
speed. Drum speed is.pre-set and depends on the mode
of operation. Nominal speed for scanning is 9.61 revolu-
tions/second which, for the drum circumference of 23.1
inches, corresponds to a surface velocity of 222 (9.61 X
23.1) inches/second whereas nominal speed for plotting
is 6.41 revolutions/second which, for the drum circum-
ference of 23.1 inches, corresponds to a surface velocity
of 148 (6.41 X 23.1) inches/second. The shaft encoder
4 is an optical disk mounted directly on the drum shaft
and is provided with two tracks. One track includes
15,510 equally spaced black-white drum line pairs
which are sensed by a light sensor 8, converted to elec-
trical signals and passed to a pulse shaper and amplifier
10 to provide a train of 15,510 equally spaced drum
pulses per revolution. The other track includes a single
index black line preceding the first black drum line on
the other track which is also sensed by a light sensor 12,
converted to an electrical signal and passed to a pulse
shaper and amplifier 14 to produce a single pulse, called
the index pulse, once per revolution of the shaft encoder
4. This index signal enables the synchronization of the
control unti fogic with drum rotation and position.

. The document to be scanned may consist of black and
white continuous tone photos while the document to be
plotted may consist of photographic film or photosensi-
tive paper. The maximum scanable or plottable docu-
ment area is 17.061 inches < 23.9888 inches. Scan oper-
ations require a.coordinate system which enables identi-
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fication of the position of documents in X and Y on the
drum. For this purpose, a carrier sheet is required
which may consist of any suitable grid frequency which

is consistent with software requirements for interpret-
ing document location. These carrier sheets can be 5
mounted with documents at work stations and then
carried to the drum for the scan operation. The carrier
sheet with the document to be scanned or the document

to be plotted is mounted on the drum surface by align-
ing the upper edge of the carrier sheet or document 1g
under a guidebar that runs the length of the drum. The
document is held in place by a document hold down
mechanism that may consist of registration pins and
tension springs. The index pulse is adjusted to occur just
as the document guidebar is passing under the optical
head assembly.

The optical head assembly is mounted on a precision
lead screw 16 driven by a Y stepping motor 18. The
drum rotation gives motion in a “X” dimension while
the optical head assembly driven by the lead screw 16
imparts motion in the “Y” dimension. By virtue of the
optical shaft encoder 4, X axis position addressability of
1.1 mils per drum pulse is provided for scanning
whereas Y axis stepping provided by the combination of
the lead screw 16 and Y stepping motor 18 permits 0.55
mil increments or Y steps. The head assembly includes
a two position mode switch 20. In the Scan position,
mode switch 20 provides a scan mode control signal
which is used to turn on a scan lamp within the assem-
bly for illuminating the document and to signal the
drum motor control to drive the drum 2 at the fast
speed. In the Plot position, mode switch 20 provides a
plot mode control signal which is used to signal the
drum motor control to drive the drum 2 at the slow
speed. Additionally, both signals are applied to the
Scanner/Plotter Control Unit for control purposes.

In a scan mode operation, during each revolution of
the drum 2, a series of scan samples are taken along a
scan line in the X direction. Since the head assembly is
held stationary while the document is being scanned,
some portion of the drum surface must be reserved for
head assembly stepping to the next scan line. The time
required for the head assembly stepping is approxi-
mately 27.1 millisec. Since the drum rotates at approxi-
mately 222 in./sec. (4.5 millisec./in.) in the scan mode
and with a drum circumference of 23.1 inches, the
time/rev. of the drum is 103.95 (0.0045 X 23.1) millisec.
Consequently, with a head assembly stepping time of
27.1 milliseconds, the maximym time for scanning a
document is 76.85 (103.95 X 27.1) millisec. and with a
drum velocity of 222 in./sec., the maximum document
size in the X direction is 17.061 (0.07685 X 222) inches.

The present system allows for a variable reproduc-
tion ratio R, where R is indicated by the following
formula: 55
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R=10 (Output Size)/0.5N (Input Size) N = 10,100

The numerator indicates a fixed output size and the
denominator the relative input size. For the values indi-
cated, the reproduction ratio R ranges from 10:5 (2:1
enlargement) to 10:50 (1:5 reduction). FIG. 2 illustrates
representative variable scan sample input sizes relative
to a fixed plot halftone cell output size for different
reproduction ratios. In view of this variable size of the
scan sample, the distance between scan samples or the
number of scan samples/scan line and the distance be-
tween scan lines or the number of scan lines/document
are variable and proportional to the reproduction ratio.
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Because the space between scan lines. is variable and
proportional to the reproduction ratio, the number of
0.55 mil Y steps or increments of the head assembly
between scan lines is also variable and proportional to
the reproduction ratio. .

In a plot mode operation, during each revolution of
the drum 2, the halftone reproduction is formed by 8
track bands with each band corresponding to a data
block consisting of 8 bit bytes up to a maximum of 7755
bytes as shown in FIG. 3. Each plot spot at the drum
surface is 2.2 mils square and with an 8 spot wide plot
band, the dimensional width of the plot band is 17.6 (2.2
X 8) mils. Therefore a film or photosensitive paper
having a maximum size of approximately 24 inches in
the Y direction requires a total of 1363 (24 — 0.0176)
plot bands. Since the drum rotates at approximately 148
in/sec. (6.75 millisec./in.) in the plot mode and with the
drum circumference of 23.1 in., the time/rev. of the
drum is 155.93 (6.75 X 23.1) millisec. Therefore, 2 full
page of 1363 plot bands requires a plot time of approxi-
mately 212.53 (0.15593 X 1363) sec. or 3.5 minutes.
Additionally, since the plot width size is fixed at 17.6
mils and the head assembly steps in 0.55 mil increments,
there are 32 (17.6 < 0.55) Y steps or increments of the
head assembly between plot bands. -

Referring now of FIG. 4, the optical head assembly
includes a scan section and a plot section. The scan
section includes a scan lamp 22 in housing 24 for light-
ing the document via an optical bundle 26 connected to
light elements 28 mounted on support 30, a microscope
objective lens 32, a beam splitter 36 to direct reflected
light from the scan area, program selectable aperature
disks 52 and 54 and two light sensors 56 and 58. The lens
32 has a 16 mm FL with 0.35NA and is used at 6X to
magnify the scan area which is imaged at two aperture
planes by means of the beam splitter 36. A pair of rotary
disks 52 and 54 each containing a set of 12 aperture
holes providing spot sizes which will permit enlarge-
ment and reduction of scanned documents are posi-
tioned at the aperture planes. Disk 52 is termed the
sharp disk while disk 54 is termed the unsharp disk with
the diameter of the aperture on the unsharp disk 54
being approximately three times the diameter of the
corresponding aperture on the sharp disk 52. The two
imaged areas produced have a common center and
shape with the smaller including the general area of a
halftone cell quadrant. The two aperture disks are me-
chanically linked by gears 46 so as to select the proper
set as a function of the reproduction ratio. Solid state
sensors 56 and 58 are located behind each of the aper-
ture disks to provide a sharp and unsharp signal. The
aperture disks 52 and 54 are commonly driven by an
aperture stepping motor 48 which is program con-
trolled to select one of the 12 aperture sets. The 12 sets
provide for 91 reproduction ratios ranging from 2X
(enlargement) to 0.02X (reduction). A rotary aperture
position switch 50 is mounted on the same shaft as the
stepping motor 48 to provide electrical signals indica-
tive of the selected aperture position.

The plot section includes 8 LED light sources 60
having their outputs directed via a fiber optic bundle 62
to a mirror 40 mounted on the same support 42 as the
beam splitter 36 with the support 42 being manually
moveable by lever 44 from a scan position to a plot
position. In the plot position, a 1X8 array is imaged
from the fiber optic bundle 62 onto the mirror 40 where
the light energy is reflected via lens 32 to the document
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surface. The halftone reproduction is thus formed by an
8 track band. Each light source 60 is independently
controlled by one bit in an eight bit data byte. The
output duration of the light source is program controlla-
ble depending upon whether the plotting is done on
photosensitive paper or photographic film which may
require different levels of exposure.

In order to allow for control of halftone dot shape
independent of the constraint of the cell shape, the nor-
mal cell geometry is divided into four quadrants as
shown in FIG. 5. Each quadrant is measured for its
brightness content during scanning. The size of the area
measured is a function of the reproduction ratio re-
quired for the particular photo being scanned. Simulta-
neously, with the collection of the quadrant sample,
termed the sharp area, a much larger concentric area is
measured, termed the unsharp area. It will be apparent
that the size of these areas will vary in proportion to the
reproduction ratio desired. Analog signals produced by
the light sensors immediately behind the sharp and un-
sharp aperture disks undergo logarithmic amplification
followed by digitizing, at selected scan sample points,
through two 8 bit analog to digital converters as will be
further described in connection with the scanner/plot-
ter control unit. The digitized versions A and B of the
analog signals have gray level values which range from
0 to 255 and are linear with the original document re-
flectance density for the individual areas sensed. The
two digital signals A and B are utilized to produce a
single modified 8 bit quadrant digital signal having a
resultant gray level value expressed by the formula:

RGL = 4 + K (4—=B)

where K is a variable factor used to control the extent
of sharp signal modification.

Edge enhancement and the extent of edge enhance-
ment is illustrated in FIG. 6. Referring to FIG. 6A, the
sharp area A and unsharp area B are shown at a demar-
cation line or edge between a darker picture portion and
a brighter picture portion. FIG. 6B shows in graphic
form the course of brightness resulting from the sharp
area A and from the surrounding unsharp area B in
close proximity to both sides of the edge line. Curve A!
illustrates the course of the brightness resulting from the
sharp area brightness being additively modified by the
brightness difference between A and B where the K
factor is greater.than zero. The effect of this modifica-
tion, in the vicinity of the edge, is to increase the tone
density of the darker portion and after crossing the edge
to decrease the tonal density of the lighter portion. FIG.
6C illustrates in graphic form the variation of tone den-
sity as influenced by different values of the K factor.

Referring now to FIG. 7, there is illustrated the plot
result of prior art systems in which a single sample is
taken per halftone cell. By the system of the present
invention, in which quadrant scan sampling is per-
formed, the quality of the halftone reproduction is sig-
nificantly enhanced as illustrated in FIG. 8 and as con-
trasted with the results of prior art systems shown in
FIG. 7. The influence resulting from edge sharpness
enhancement where the sharp area brightness A is addi-
tively modified by the difference between the sharp
area brightness A and the unsharp area brightness B,
and the extent of such enhancement determined in ac-
cordance with the sharpness facior K ie. A + K
(A —B) is illustrated in FIG. 9.

Scan parameters for scanning a document on the
drum is supplied by the data processing system and
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transmitted to the scanner/plotter control unit where
they are stored and used to control the selection of scan
sample points. Separate reproduction ratio parameters
will be required for each document. FIG. 10 indicates
the prime control parameters required for scan data
collection. The skip X parameter specifies the number
of 1.1 mil X increments to skip from the index point
prior to beginning a scan sample. To sample scan points
corresponding to the quadrant of the halftone cells the
document is scanned in a pattern which repeats every
four scan lines, each group of four being designated Seq
0, Seq 1, Seq 2 and Seq 3, the repetative scan sample
pattern being as follows:

Seq0=Q4,Q3 —Q4,Q3 —Q4,Q3 —Q4, ...
Seq1=Q1-Q2,Q1-Q2Q1—Q2....
Seq2=0Q3 — Q4,Q3 — Q4,Q3 — Q4....

Seq3=0Q2,Q1 - Q2,Q1 —Q2,Q1 —-Q2,....

The X major and X minor incremental control pa-
rameters represent the number of 1.1 mil increments
between scan samples while the Y major and Y minor
incremental control parameters represent the number of
0.55 mil steps to be taken by the head assembly in the Y
direction. A X slip incremental control parameter is
provided in order to allow for a 45° orientation for the
haiftone reproduction that is essential from a human
factor standpoint. The X slip value, therefore, repre-
sents the number of 1.1 mil increments to “slip” in the X
dimension.

The values for the incremental control parameters
are mathematically related to the reproduction ratio R
and may be derived as follows:

X minor* = 6/R

X major = (20/R) — X minor
Y major* = 12/R

Y minor = (20/R) — Y major
X slip* = 4/R

*nearest integer.

Likewise, the number of scan samples (X direction)
per scan line and the number of scan lines (Y direction)
per document are also related to the reproduction ratio
R and can be calculated as follows:

*Scan Samples/San Line = Document lf ? h in mils X R

Document width in mils

55 X R

**Scan Lines/Document =

*integer
**even interger

It should be noted that there are 10 plot positions per
plot band and 2 scan sample points per scan line corre-
sponding to each half tone cell. This results in 5 plot
positions per scan sample point. Since the maximum
plot positions per plot band is 7755, it should be appar-
ent that there is a maximum number of scan sample
points per scan line, namely, 7755 + 5 = 1551. Thus,
for reproduction ratios greater than 1, the document
scan line dimension (X) would have to be reduced to
permit a full size enlargement halftone plot. Similarly, it
should be noted that there are 16 scanlines per 5 plot




4,122,496

9

bands resulting in 3.2 scanlines per plot band. Since the
maximum number of plot bands per document is 1363, it
should be apparent that there is a maximum number of
scan lines per document, namely, 1363 X 3.2 = 4362.
Again, for reproduction ratio greater than 1, the docu-
ment scan width (Y) would have to be reduced to per-
mit a full size enlargement halftone plot.

The following Table I lists the five incremental con-
trol parameters in number of 1.1 mil steps and aperature

set number for 91reproduction ratios.
TABLE I
Reproduction Ratio Parameters-
APERTURE
O/ XSLIP XMAJ XMIN YMIN YMAJ NO.
10/ 50 2 7 3 4 6 10
10/ 55 2 8 3 4 7 1
10/ 60 2 8 4 5 7 2Q4*
10/ 65 3 9 4 5 8 2
10/ 7.0 3 10 4 6 8 38
10/ 75 3 10 5 6 9 3
10/ 80 3 11 5 6 10 4032
10/ 85 3 12 5 7 10 4
10/ 90 4 13 5 7 11 506
10/ 95 4 13 6 8 11
10/100 4 14 6 8 12 630"
10/10.5 4 15 6 8 13 6
10/110 4 15 7 9 13 6
10/115 5 16 7 9 14 6
10/120 5 17 7 10 14 78
107125 5 17 8 10 15 7
10/130 3 18 -8 10 16 7
10/135 5 19 8 11 16 7
10/140 6 20 8 11 17 8(56)*
10145 6 20 -9 12 17 8
10/150 6 21 9 12 18 8
10/155 6 2 9 12 19 8
10/160 6 2 10 13 19 8
10/165 7 23 10 13 20 8
10/170 7 2 10 14 20 9(68)*
107175 7 24 11 14 21 9
10/180 7 25 1 14 2 9
10/185 7 26 1 15 2 9
10/190 8 27 11 15 23 9
10/195 8 27 12 16 23 9
10/200 8 28 12 16 24 10(80)*
10/205 8 29 12 16 25 10
107210 8 29 13 17 25 10
10/21.5 9 30 13 17 26 10
10/220 9 31 13 18 26 10
10/225 9 31 14 18 2710
10/230 9 2 14 18 28 10
10/235 9 33 14 19 28 10
10/240 10 34 14 19 29 11(%6)*
10/245 10 34 15 20 29 1
10/250 10 35 15 20 30 1
10/25.5 10 36 15 20 311
10/260 10 36 16 21 3111
107265 11 37 16 21 2 1
107270 11 38 16 2 2 1
107275 11 38 17 2 33 11
107280 11 39 17 2 3411
107285 11 40 17 23 34 11
107290 12 4 17 23 35 it
10/29.5 12 41 18 24 35 11
107300 12 4 18 24 36 12(120)
107305 12 43 18 24 37 12
107310 12 43 19 25 31 12
10/31.5 13 4 19 25 33 12
10/320 13 45 19 26 38 1
10/325 13 45 20 26 39 12
107330 13 46 20 26 0 12
107335 13 47 20 27 0 12
10/340 14 48 20 27 a4 12
10/34.5 14 48 21 28 4 12
10/35.0 14 49 21 28 2 1n
10/35.5 14 50 21 28 4 1
107360 14 50 2 29 4 1n
107365 15 51 b7} 29 4 1
107370 . 15 5 2 30 4 12
107375 15 52 23 30 5 12
107380 15 53 23 30 46 12
107385 15 54 23 31 46 12
10/39.0 16 55 23 31 47 12
10/39.5 16 55 24 Y} 47 12
107400 16 56 24 £7) 48 12
10/40.5 16 57 24 2 49 1
10/41.0 16 57 25 33 9 12
107415 17 58 25 33 50 12
107420 17 59 25 34 50 12
/425 17 59 26 34 51 12
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TABLE I-continued
Reproduction Ratio Parameters
APERTURE
0/1 XSLIP XMAJ XMIN YMIN YMAJ NO.
10/43.0 17 60 26 34 52 12
10/43.5 17 61 26 35 52 12
107440 18 62 26 35 53 12
107445 18 62 27 36 53 12
10745.0 18 63 27 36 54 12
10/745.5 18 64 .27 36 55 12
10/46.0 18 64 28 37 55 12
10746.5 19 65 28 37 56 12
10/47.0 19 66 28 38 56 12
10/47.5 19 66 29 38 57 12
10/48.0 . 19 67 29 38 58 12
107485 19 68 29 39 58 12
10/49.0 20 69 29 39 59 12
10/49.5 20 69 30 40 49 12
10/50.0 20 70 30 40 60 12

*Sharp Aperture Diameter Size in Mils

In the scan mode of operation, the quadrant scan
sample data, termed the resultant gray level (RGL)
data, is buffered at the scanner/plotter control unit and
then transferred to the data processing system as will be
explained in greater detail hereinafter. At the data pro-
cessing system, the resultant gray level values are con-
verted to halftone number values in accordance with a
given scan document. This may be accomplished by
means of a tone control table look up technique or other
means such as an algorithm calculation. This conver-
sion relates the quadrant RGL data (0-255) to a halftone
cell structure comprised of from one to 50 available
locations within the halftone cell. This relationship is a
function of the document being scanned and will be
designated by a skilled operator to produce the best
output for a given document. FIG. 11 illustrates the
relationship in graphic form of the gray level values to
halftone number values for different given scan docu-
ments. Once the tone conversion is completed, the
structuring of the halftone plot data can then be per-
formed.

Plot data is provided in successive 8 bit bytes to the
1X8 array at the optical head assembly. This method
requires that the data to be plotted be formated into
bands 8 spots (bits) wide up to a maximum of 7755 bytes
per band. Referring now to FIG. 12, the layout of a
halftone cell is shown with halftone value assignments
and quadrant delinears. For a given quadrant, all bit
positions in that quadrant portion having assigned val-
ues that are equal to or less than the halftone number
value are designated as a 1 bit. FIG. 13 illustrates a
halftone cell with four different quadrant values which
are produced as a result of the scan operation. FIG. 14
illustrates the relationship of the individual spots within
the halftone cell for the illustrated example of FIG. 13
based on the halftone- pattern of FIG. 12. The data
processing system extracts the binary plot pattern data
for each quadrant halftone value and formats it with
adjacent cell binary plot pattern data, in a manner
which will be described in greater detail hereinafter, to
provide a meshed cell configuration. The assembled
plot data is then transmitted in a byte wide data record
from the data processing system to the scanner/plotter
control unit for plotting. FIG. 15 illustrates the relation-
ship of the plot bands to the halftone pattern. It should
be noted that halftone configuration repeats for every
five plot bands or every forty bits in the Y direction.

Three operator controlled switches are provided at
the operator panel of the scanner/plotter control unit
for the plot operation, namely a positive/negative
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switch, a mirror/normal switch and a right/left switch
which will be described in greater detail hereinafter.
When the mirror/normal switch is in the normal posi-
tion and the positive/negative switch is in the positive
position, data bytes are plotted as received as illustrated
in FIG. 16A. When the mirror/normal switch is in the
normal position and the positive/negative switch is in
the negative position bits within the data bytes are in-
verted and then plotted as illustrated in FIG. 16B. Mir-
ror image plotting is accomplished by reversing the
direction of head stepping which is accomplished by the
operator controlled right/left switch and by reversing
the data bits within a byte. Accordingly, with the right-
/left switch in the right position, the positive/negative
switch in the positive position and the mirror/normal
switch in the mirror position, bits within a data byte are
swapped i.e. bit 0 for bit 7, bit 1 for bit 6, etc. and then
plotted as illustrated in FIG. 16C. When the right/left
switch is in the left position, the positive/negative
switch is in the negative position and the mirror/normal
switch is in the mirror position, the bits within a data
byte are swapped and inverted and then plotted as illus-
trated in FIG. 16D.

SCANNER/PLOTTER SYSTEM COMMAND
OPERATIONS

The scanner/plotter control unit is program con-
trolled by the data processing system to respond to a
series of commands and control data to perform the
scan and plot operations. The scan operation is basically
a read operation while the plot operation is basically a
write operation.

The scan operation is performed by the following
sequence of commands:

Control Set Up

Control Set Repro

*Load Scan Buffer

*Read Buffer

Control Drum Stop
*Repeated for each block of data transferred from the Scanner/Plotter
to the Data Processing System.

Referring now to FIG. 17, the format of the channel
command word (CCW) at the data processing system is
shown for a control set up command. The CCW in-
cludes a command portion which identifies this com-
_ mand as the control set up command, an address pointer
designating a location in storage and a count value
mdxcatmg 5 bytes to be transmitted from the data pro-
cessmg system to the scanner/plotter control unit start-
ing from the designated location. The control set up
command is used in both the scan and plot modes to
transmit set-up parameters i.e. skip value and scan/plot
byte count, to the scanner/plotter control unit. This
command need only be sent once per document in the
scan mode and once per full page plot in the plot mode.
Bytes 0 and 1 specify the number of 1.1 mil X incre-
ments to skip prior to beginning an actual scan or plot
operation. Bytes 2 and 3 specify the number of scan
samples to be made or the number of plot bytes to be
plotted Byte 4 specifies whether film or photosensitive
paper is used in the plot mode. In executing this com-
mand, the command is transmitted by the data process-
mg system to the scanner/plotter control unit where it
is decoded during an initial selection sequence (ISS)
after which the 5 bytes of data are transmitted in se-
quence to the scanner/plotter control unit where they
are stored in preparation for the next command opera-
tion. At the completion of the control data transfer, the
scanner/plotter control unit transmits a channel end and
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device end signal back to the data processing system to
indicate that the -execution of the control set up com-
mand has been completed.

Referring now to FIG. 18, the format of the CCW at
the: data processing system is shown for a control set
repro command. The CCW includes a command por-
tion which identifies this command as the control set
repro command, an address pointer designating a loca-
tion in-storage and a count value indicating 7 bytes to be
transmitted from the data processing system to the scan-
ner/plotter control unit starting from the designated
location. The control set repro command is used in the
scan mode to transmit the necessary reproduction ratio
parameters to the scanner/plotter control unit and need
only be sent once per document. Bytes 0 and 1 specify
the number of 0.55 mil steps to be taken in the Y direc-
tion during a Y major or Y minor axial movement of the
head assembly. Bytes 2 and 3 specify the number of 1.1
mil increments to be taken between scan samples for the
X major or X minor parameter. Bits 3 to 7 of byte 4 are
used to specify the number of 1.1 mil increments to slip
in the X dimension to permit sampling at a 45° orienta-
tion. Bits 0 and 1 of byte 4 are used to reset a sequence
counter in the scanner/plotter control unit which keeps
track of each sequence of four scan lines. Byte 5 speci-
fies the sharpness factor K ranging from 0-7.5 in 0.25
increments. Byte 6 specifies the aperture set numbers
from 1 to 12. In executing this command, the command
is transmitted by the data processing system to the scan-
ner/plotter control unit where it is decoded during the
ISS after which the 7 bytes of reproduction ratio param-
eter control data are transmitted in sequence to the
scanner/plotter control unit where they are stored in
preparation for the next command operation. At the
completion. of the control data transfer the scanner/-
plotter transmits a channel end signal to the data pro-
cessing system to indicate the completion of the data
transfer. The scanner/plotter control unit in response to
the aperture set information will begin to rotate the
aperture disks from their current position to a position
which matches the control data after which the scan-
ner/plotter transmits a device end signal to the data
processing system to indicate that the aperture disks
have been physically positioned and that the execution
of the control set repro command has been completed.

Referring now to FIG. 19, the format of the CCW at
the data processing system is shown for a load scan
buffer command. The CCW includes a command por-
tion which identifies this command as the load scan
buffer command. This command causes synchroniza-
tion between the drum and the scanner/plotter during a
scan operation. No data is transferred to the channel. In
executing this command, the command is transmitted
by the data processing system to the scanner/plotter
where it is decoded during an ISS after which a channel
end signal is sent back to the data processing system to
indicate the initial selection sequence is completed. The
scanner/plotter then initiates the sampling of a block of
scan data from the document which is loaded in a buffer
in the scanner/ploiter. The number of scan samples
taken or the number of data bytes stored in the buffer is
specified by the scan/plot count specified by the previ-
ous control set up command. When the buffer in the
scanner/plotter is loaded with the scanned data block,
the scanner/plotter transmits a-device end signal to the
data processing system to indicate that the execution of
the load scan buffer command has been completed and
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at the same time to signal the head assembly to start
moving in the axial direction in preparation for being
positioned for the next scan line during the next revolu-
tion of the drum.

Referring now to FIG., 20, the format of the channel
command word at the data processing system is shown
for a read buffer command. The CCW includes a com-
mand portion which identifies this command as the read
buffer command, an address pointer designating a start-
ing location in storage where the data from the buffer of
the scanner/plotter is to be stored and a count value
indicating the number of bytes to be transmitted from
the scanner/plotter to the data processing system up to
a maximum of 7755 bytes. The read buffer command is
used in the scan operation to cause the contents of the
buffer of the scanner/plotter to be transmitted to the
data processing system. At the completion of the data
transfer, the scanner/plotter transmits a channel end
and device end signal to the data processing system to
indicate that the execution of the read buffer command
has been completed. The command sequence, load scan
buffer-read buffer is repeated for each succeeding scan
line of the document until the entire document is
scanned. At the completion of the total scan, a control
drum stop command is issued to stop the rotation of the
drum.

Referring now to FIG. 21, the format of the CCW at
the data processing system is shown for a control drum
stop command. The CCW includes a command portion
which identifies this command as the drum stop com-
mand. The control drum stop command provides pro-
gram control for stopping the motion of the drum. No
data is transferred to the channel. In executing this
command, the command is transmitted by the data pro-
cessing system to the scanner/plotter where it is de-
coded during an ISS after which a channel end signal is
sent to the data processing system to indicate the initial
selection sequence is completed. The scanner/plotter
then activates the control to stop the drum. When the
scanner/plotter detects that the drum is stopped a de-
vice end signal is transmitted to the data processing
system to indicate that the execution of the control
drum stop command has been completed.

The plot operation is performed by the following
sequence of commands:

Control Set Up

Write

Control Drum Stop

The control set up command operates in a similar
manner as previously described to transmit set up pa-
rameters i.e. skip value and plot count, to the scanner/-
plotter.

Referring now to FIG. 22, the format of the CCW at
the data processing system is shown for a write com-
mand. The CCW includes a command portion which
identifies this command as a write command, an address
pointer designating a starting location for a record
block of data and a count value indicating the number of
bytes to be transmitted from the data processing system
to the buffer of the scanner/plotter up to a maximum of
7755 bytes. This command causes synchronization be-
tween the drum and the scanner/plotter during a plot
operation. In executing this command, the command is
transmitted by the data processing system to the scan-
ner/plotter where it is decoded during an ISS after
which the plot data is transferred from the data process-
ing system to the buffer of the scanner/plotter. At the
completion of the plot data transfer a channel end signal
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is sent to the data processing system to indicate this
condition and the plot operation is initiated to unload
the buffer and plot a data block or band of plot data on
the film or photosensitive paper up to a maximum of
7755 bytes. At the completion of the plot operation, a
device end signal is transmitted to the data processing
system to indicate that the execution of the write com-

~mand has been completed and a fixed axial movement of

the head assembly is initiated in preparation for plotting
the next data block band of plot data. Successive write
commands are issued by the data processing system to
plot successive bands of plot data on the plot document.
At the completion of the full plot a control drum stop
command is issued to stop the movement of the drum.

General Description of Scanner/Plotter System
Operations Scan Operation

Referring back to FIG. 1, the general organization of
the scanner/plotter control unit and scan mode opera-
tion will now be described. The carrier sheet with the
document to be scanned is mounted on the drum 2 and
by a combination of the operation of the single/continu-
ous and right/left switches at the operator panel the
head assembly is moved into position adjacent an edge
of the document. At the head assembly, the scan/plot
lever 44 is moved to the scan position and switch 20 is
switched to the scan position to bring up a signal on the
scan sw line. The signal on the scan sw line is applied to
condition the drum motor 6 for the higher speed opera-
tion, to condition the mode control 400 for the scan
mode of operation and to condition Y control 800 for Y
minor stepping in the Y direction. The operator then
presses the start drum push button which applies a sig-
nal to the drum control 300 to produce a start drum
signal to initiate movement of the drum motor 6. A time
delay relay is provided at the drum motor 6 to allow the
motor to reach operating speed after which a signal is
applied via the drum up to speed line to the drum con-
trol 300. When the synchronization point i.e. index
pulse is detected, drum control 300 produces a drum
ready signal to signal common control 1000 to bring up
a ready device end signal which is applied to the data
processing system to initiate the sequence of commands
for the scan operation. '

The data processing system first issues the control set
up command to the scanner/plotter control unit fol-
lowed by the series of control bytes which are passed
via the In Bus and the buffer and bus control 1100 to the
S/P in bus. Control signals from common control 1000
direct the control datz i.e. skip value and scan count
value, on the §/P in bus to a skip register and scan/plot
byte register in scan/plot common control 500. Follow-
ing this, channel end and device end signals are trans-
mitted to the data processing system to indicate that the
execution of the control set up command has been com-
pleted. The data processing system next issues a control
set repro command followed by the incremental control
parameters which are applied to common control 1000
of the scanner/plotter control unit. The incremental
control parameters are passed via the in bus and the
buffer and bus control 1100 to the S/P in bus. Control
signals from common control 1000 direct the incremen-
tal parameter Y major and Y minor values to registers in
the Y control 800, X major, X minor and X slip values
to registers in the scan/plot common control 500, reset
a sequence counter in scan control 600 to Seq 0 and the
K factor and aperture set number values to registers in
the scan control 600. An aperture position signal from
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the aperture position switch 50 on the head assembly is
applied via the aperture position bus to the scan control
600 where it is compared with the present content of the
aperture position register. Common control 1000 then
issues a set aperture position control signal to scan con-
trol 600 to test for a comparison of the aperture position
signal from the aperture position switch 50 and the
aperture position number set into the aperture position
register of the scan control 600. If a match is found, an
aperture positioned signal is. transmitted to common
control 1000 otherwise a step aperture motor signal is
applied to the aperture position motor 48 to step the
aperture position switch 50 which is kept stepping until
a match is detected indicating that the aperture disks in
the head assembly have been positioned properly in
accordance with the predetermined reproduction ratio
selected. When the match position is detected an aper-
ture positioned signal is transmitted to common control
1000 to produce a device end signal to the data process-
ing system to indicate that the execution of the control
set repro command has been completed.

Next, the data processing system transmits a load
scan buffer command to the scanner/plotter control
unit. Common control 1000 decodes the command and
transmits a channel end signal to the data processing
system to indicate the ISS is completed. If the head
assembly is stopped, common control 1000 issues a start
scan/plot signal to mode control 400, scan/plot com-
mon control 500, scan control 600 and Y control 800. At
mode control 400, the start scan/plot signal is effective
to cause a scan signal to be produced indicating that the
scanner/plotter is in the scan mode of operation. The
scan signal from mode control 400 is applied to condi-
tion drum control 300 in preparation for receiving the
index pulse. At scan/plot common control 500, the start
scan/plot signal is effective to load the X skip value
from the register in which it is stored to a skip counter
and to also load the scan count value from the register
in which it is stored to a scan/plot byte counter. At the
scan control 600, the start scan/plot signal is effective to
condition the scan control 600 for an X major step. At
Y control 800, the start scan/plot signal is effective to
condition Y control 800 for a Y minor step operation.

When the index pulse is received by drum control
300, a gated index pulse is produced and then a series of
gated drum pulses. As the drum rotates, the gated drum
pulses are applied to scan/plot common control 500 to
decrement the skip counter until the skip counter equals
zero indicating that the first scan sample position has
been reached. Scan/plot common control 500 then
issues a start convert signal to the A/D converter 100 to
generate a digital sharp value signal A and digital un-
sharp value signal B corresponding to the sample point
presently being scanned. When the A/D conversion is
complete, an end convert signal is applied to the scan
control 600 to initiate the operation of an arithmetic unit
in scan control 600. The arithmetic unit in scan control
600 computes a resultant gray level value
RGL=A+K(A—B) corresponding to the sample
point. While the computation is being performed, the X
major value in the register of scan control 600 is trans-
ferred and loaded into the skip counter in the scan/plot
common control 500 in preparation for the next scan
sample point. Also, the scan/plot byte counter is decre-
mented by 1 indicating that one byte has been sampled.
At the end of the computation, the RGL value signal is
applied from scan control 600 via the scan out bus to the
buffer and bus control 1100 and a data store signal is
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transmitted to control 1100 to initiate a buffer cycle to
load the RGL value in buffer 1280. At the same time, °
the data store signal conditions scan control 660 for an
X minor step for the next scan sample point.

Since the X major value is presently stored in the skip
counter of the scan/plot common control 500, the gated
drum pulses are applied to decrement this counter down
to zero as the drum 2 continues to rotate in the X dimen-
sion. When the skip counter equals zero a second con-
version is initiated to generate a second sharp value
signal A and unsharp value signal B which are applied
to scan control 600. At the end of the conversion the
computation of the second RGL value is initiated.

While the second RGL is being computed, the X
minor value is transferred from scan control 600 and
loaded into the skip counter in scan/plot common con-
trol 500 and the scan/plot byte counter is decremented
a second time to indicate a second byte has been sam-
pled. At the end of the computation, the second RGL is
applied via the scan out bus to the buffer and bus con-
trol 1100 and another data store signal is applied to
buffer and bus control 1100 to initiate another buffer
cycle to store the second RGL in buffer 1200. At the
same time, the data store signal conditions scan control
600 for an X major step in preparation for the next scan
sample point. In a similar manner, scan samples are
taken at X major, X minor, X major, X minor distances
etc. along the document as shown in FIG. 10. This
process continues until the scan/plot byte counter is
decremented down to zero. At that point, scan/plot
common control 500 issues a byte count equals zero
signal to mode control 400. Mode control 400, in turn,
signals drum control 300 to terminate further produc-
tion of gated pulses and produces an end S/P signal
which terminates the scan signal and is also applied to
scan control 600 and common control 1030 indicating
the end of the scan mode of operation. At scan control
600, the end S/P signal is effective to step the sequence
counter to Seq 1. At common control 1809, the end S/P
signal is effective to cause a device end signal to be
transmitted to the data processing system to indicate
that the execution of the load scan buffer command has
been completed. At the same time, common control
1000 applies a status reset device end signal to Y control
800.

At'Y control 860, previously conditioned for Y minor
stepping, the status reset device end signal is effective to
load the Y minor value from the register in which it is
stored to a Y counter in preparation for stepping the
head assembly axially in the Y direction in accordance
with Y minor value prior to the next revolution of the
drum 2 when the next scan line of the document is to
sampled. At the same time, Y control 800 applies a start
step signal to the Y stepping motor control to initiate
movement of the head assembly in the Y direction. The
Y stepping motorlead screw combination provides step
increments of 0.275 mils per step in the Y direction, two
steps are taken for each Y increment and two step head

signals are applied back to Y control 808 after which the

Y counter in Y control 800 is decremented by 1 to indi-
cate a 0.55 mil Y increment by the head assembly. When
the Y counter in the Y control 838 reaches a count of 1,
Y control 800 is conditioned to terminate the start step
signal and after the next two step head signals are re-
ceived from the Y stepping motor control the start step
signal is terminated to stop the axial movement of the Y
motor 18 and to produce a head stopped signal back to
common control 1090 to indicate this condition.
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At the end of the execution of the load scan buffer
command and while the head assembly is moving in the
Y direction, the data processing system transmits a read
buffer command to the scanner/plotter control unit.
Common control 1000 decodes the command and pro-
duces a series of read signals to the buffer and bus con-
trol 1100 to initiate a series of buffer cycles to unload
the buffer 1200 and apply the record block of bytes
scanned during the first scan line via the data out bus to
buffer and bus control 1100 and via the out bus to com-
mon control 1000 and via the channel bus to the data
processing system. When the buffer 1200 is completely
unloaded this condition is detected by the buffer and
bus control 1100 which produces a buffer end signal to
common control 1000 to signal this condition. At com-
mon control 1000 the buffer end signal is effective to
cause channel end and device end signals to be transmit-
ted to the data processing system to indicate that the
execution of the read buffer command has been com-
pleted. :

Next, the data processing system transmits a second
load scan buffer command to the scanner/plotter con-
trol unit in preparation for performing a scan operation
along the second scan line. Common control 1000 de-
codes the command, as before, and transmits a channel
end signal to the data processing system to indicate the
ISS is completed. If the head assembly is moving in an
axial direction the execution of the command does not
proceed until such time as a head stopped signal is re-
ceived from Y control 800. When the head stopped
signal is received, common control 1000 then proceeds
to issue a start scan/plot signal to mode control 400,
scan/plot common control 500, scan control 600 and Y
control 800. At mode control 400, the start scan/plot
signal is ‘again effective to cause a scan signal to be
produced ' indicating that the scanner/plotter is in the
scan mode of operation. The scan signal from mode
control 400 is again applied to drum control 300 to
condition circuitry in preparation for receiving the
index pulse. At the scan/plot common control 500, the
start scan/plot signal is again effective to load.the X
skip value from the register in which it is stored to the
skip counter and to also load the scan count value from
the register in which it is stored to the scan/plot byte
counter. At the scan control 600, since the sequence
counter is now set at Seq 1, the start scan/plot signal is
effective to condition the scan control 600 for an X
minor step. At Y control 800, the start scan/plot signal
is effective to condition Y control 800 for a Y major step
operation. ;

When the index pulse is received by drum. control
300, a gated index pulse is again produced as well as a
series of gated drum pulses. Since the sequence counter
is now set at Seq 1, the gated index pulse further condi-
tions the scan control 600 for an X slip operation. As the
drum rotates, the gated drum pulses are applied to
scan/plot common control 500 to decrement the skip
counter until the skip counter equals zero indicating
that the drum has rotated the X skip distance. Scan/plot
common control 500 then issues a start convert signal to
the A/D converter 100 to generate a digital sharp value
signal A and a digital unsharp value B corresponding to
the sample point presently being scanned. When the
A/D conversion is complete, an end convert signal is
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the arithmetic unit in scan control 600. Since the scan
control 600 is conditioned for.an X slip operation, the X
slip value in the register of scan control 600 is trans-
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ferred and loaded into the skip counter in the scan/plot
common control 500 in preparation for the X slip opera-
tion. At the scan control 600, the skip counter is decre-
mented by one, the computation cycle is terminated and
the X slip conditioning of the scan control 600 is termi-
nated. As the drum continues to rotate, the gated drum
pulses are again applied to scan/plot common control

/500 to continue decrementing the X slip value in the

skip counter, until the X slip value equals zero and a
skip counter equals zero signal is produced indicating
the first scan sample position has been reached for the
second scan line. It should be noted that this scan sam-
ple position of scan line 2 is offset from the first scan
sample position of scan line by the X slip value as shown
in FIG. 10. Scan/plot common control 500 then issues a
start convert to the A/D converter 100 to generate a
digital sharp value signal A and a digital unsharp value
signal B corresponding to the first sample point pres-
ently being scanned. When the A/D conversion is com-
plete, an end convert signal is applied to scan control
600 to initiate the operation of the arithmetic unit in the
scan control 600 to compute a RGL value correspond-
ing to the sample point. While the computation is being
performed, the X minor value in the register of scan
control 600 is transferred and loaded into the skip
counter in the scan/plot common control 500 in prepa-
ration for the next scan sample point. Also the scan/plot
byte counter is decremented by one indicating that one
byte has been sampled. At the end of the computation,
the RGL signal is applied from the scan control 600 via
the scan out bus to the buffer and bus control 1100 and
a data store signal is transmitted to control 1100 to
initiate a buffer cycle to load the RGL in buffer 1200.
At the same time, the data store signal conditions scan
control 600 for an X major step for the next scan sample
point.

Since the X minor value is presently stored in the skip
counter of the scan/plot common control 500, the gated
drum pulses are applied to decrement this counter down
to zero as the drum 2 continues to rotate in the X dimen-
sion. When the skip counter equals zero a second con-
version is initiated to generate a second sharp value
signal A and an unsharp value signal B which are ap-
plied to scan control 600. At the end of the conversion,
the computation of a second RGL value is initiated.

While the second RGL is being computed, the X
major value is transferred from scan control 600 and
loaded into the skip counter in scan/plot common con-
trol 500 and the scan/plot byte counter is decremented
a second time to indicate a second byte has been sam-
pled. At the end of the computation, the second RGL is
applied via the scan out bus to the buffer and bus con-
trol 1100 and another data store signal is applied to
buffer and bus control 1100 to initiate another buffer
cycle to store the second RGL in buffer 1200. At the
same time, the data store signal conditions scan control
600 for an X minor step in preparation for the next scan
sample point. In a similar manner, scan samples are
taken at X minor, X major, X minor, X major distances
etc. along the document as shown in FIG. 10. This
process continues until the scan/plot byte counter is
decremented down to zero. At that point, scan/plot
common control 500 issues a byte count equals zero
signal to mode control 400. Mode control 400, in turn,
signals drum control 300 to terminate further produc-
tion of gated pulses and produces an end S/P signal
which terminates the scan signal and is also applied to
scan control 600 and common control 1000 indicating
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the end of the scan mode of operation. At scan control
600, the S/P signal is effective to step the sequence
counter to Seq 2. At common control 1000, the end S/P
signal is effective to cause a device end signal to be
transmitted to the data processing system to indicate
that the execution of the load scan buffer command has
been completed. At the same time, common control
1000 applies a status reset device end signal to Y control
800.

At 'Y control 800, previously conditioned for Y major
stepping, the status reset device end signal is effective to
load the Y major value from a register in which it is
stored to the Y counter in preparation for stepping the
head assembly axially in the Y direction in accordance
with the Y major value prior to the next revolution of
the drum 2 when the third scan line of document is to be
sampled. At the same time, Y control 800 again applies
a start step signal to the Y stepping motor control to
initiate movement of the head assembly in the Y direc-
tion. The Y stepping motor-lead screw combination
provides two steps for each Y increment and two step
head signals are applied back to Y control 800 after
which the Y counter in Y control 800 is decremented by
one to indicate a 0.55 mil Y increment by the head
assembly. When the Y counter in the Y control 800
reaches a count of one, Y control 800 is conditioned to
terminate the start step signal and after the next two step
head signals are received from the Y stepping motor
control, the start step signal is terminated to stop the
axial movement of the Y motor 18 and to produce a
head stopped signal back to common to indicate this
condition.

At the end of the execution of the second load scan
buffer command and while the head assembly is moving
in the Y direction, the data processing system transmits
another read buffer command to the scanner/plotter
control unit. This command is executed as before to
unload the buffer 1200 and apply the record block of
bytes scanned during the second scan line to the data
processing system.

Referring now to FIG. 10, it can be seen that the third
scan line, which is a Seq 2 operation, is performed in the
same manner as that performed for Seq 1 operation for
the second scan line and that the fourth scan line, which
is a Seq 3 operation, is performed in the same manner as
that performed for the first scan line. Thus, by succes-
sive load scan buffer and read buffer commands succes-
sive. scan line operations for the document are per-
formed in which scan samples are taken along the scan
line with the RGL values loaded in the buffer of the
scanner/plotter after which they are read to the data
processing system while the head assembly is moving in
an axial direction in preparation for the succeeding scan
line. The scanning job, therefore, is performed by a
series of successive groups of 4 scan lines corresponding
to the 4 sequences.

When the data processing system has determined that
the number of scan lines required to scan the entire
document has been completed, a control drum stop
command is issued to the scanner/plotter control unit in
order to stop the operation of the drum 2. Common
control 1000 decodes the command and transmits a
channel end signal to the data processing system to
indicate the ISS is completed. Common control 1000
then issues a stop drum signal to drum control 300
which terminates the start drum signal causing drum 2
to stop and to terminate the drum ready line to common
control 1000 to indicate that the drum 2 is no longer in
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a ready condition. This effectively ends the scan opera-
tion.

Scan Data Processing

The data processing system now begins the job of
processing the scan data to a form for halftone plotting.
This is accomplished in 2 manner which will be de-
scribed in greater detail hereafter. Generally, the data
processing operation first involves a tone conversion
process which converts the quardant RGL data, rang-
ing in values from 0 to 255, to halftone data, ranging in
values from 1 to 50. Once the tone conversion process is
completed the structuring of halftone plot data is then
performed. This is accomplished by extracting binary
plot pattern data for each quardant halftone value and
formatting it with adjacent binary plot pattern data to
provide a meshed cell configuration. The fully assem-
bled meshed halftone plot data corresponding to the
original scanned document is then ready to be plotted
on film or photosensitive material by the scanner/plot-
ter control unit.

Plot Operation

Referring again to FIG. 1, the film or photosensitive
material is mounted on the drum 2 and again by a com-
bination of the operation of the single/continuous and
right/left switches at the operator panel, the head as-
sembly is moved into position adjacent an edge of the
document. At the operator panel, by operation of a
combination of the mirror/normal and positive/nega-
tive switches, the operator has the option of plotting
normal-positive, normal-negative, 'mirror-positive or
mirror-negative as shown in FIG. 16. The mirror/nor-
mal switch signal is applied to the buffer and bus control
1100 to control passing data received from the buffer
1200 to the S/P in bus in a normal or permuted manner
while the positive/negative switch signal is applied to
plot data control 200 to control passing plot data,
whether mirror or normal, received on S/P in bus as
received or as inverted. At the head assembly, the
scan/plot lever 44 is moved to the plot position and
switch 20 is switched to the plot position to bring up a
signal on the plot sw line. The signal on the plot sw line
is applied to condition the drum 6 for the slower speed
operation, to condition mode control 400 and plot con-
trol 900 for the plot mode of operation and to condition
Y control 800 for a fixed Y stepping in the Y direction.
The operator then presses the start drum push button
which, as before, applies a signal to the drum control
300 to produce a start drum signal to initiate movement
of the drum motor 6. When the drum reaches operating
speed, a signal is applied via the drum up to speed line
to the drum control 300. When the index point is
reached i.e. index pulse is detected, drum control 300
produces a drum ready signal to common control 1000
to bring up a ready device end signal which is applied to
the data processing system to initiate the sequence of
commands for the plot operation.

The data processing system first issues the control set
up command to the scanner/plotter control unit fol-
lowed by the series of control bytes which are passed
via the in bus and buffer and bus control 1100 to the S/P
in bus. Control signals from common control 1000 di-
rect the control data i.e. skip value and plot count value
on the S/P in bus to the skip register and scan/plot byte
register in scan/plot common control 500. The last
control byte contains a bit indication as to whether film
or photosensitive paper has been mounted on the druin
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2. Accordingly, a control signal from common control
directs this bit of the last control byte to scan/plot com-
mon control 500. If scan/plot common control 500
detects a 1 bit in the last control byte indicating a paper
rather than film plot operation, a signal is applied to
condition Plot Control 900 for the paper plot operation,
otherwise Plot Control 900 is normally conditioned for
a film plot operation. Following this, channel end and
device end signals are transmitted to the data processing
system to indicate that the execution of the control set
up command has been completed.

The data processing system next issues a write com-
mand followed by a record block of halftone plot data
to common control 1600 of the scanner/plotter control
unit. Common control 1000 decodes the command and
produces a series of write signals to the buffer and bus
control 1100 each of which initiates a buffer cycle of
operation to load a byte of halftone plot data via the
data in bus to buffer 1200. After buffer 1200 is loaded
with the record block of halftone plot data common
control 1000 applies a channel end signal to the data
processing system to indicate that the first band or re-
cord block of halftone plot data has been loaded in the
buffer 1200. If the head assembly is stopped, as it will be
initially, common control 1000 issues a start scan/plot
signal to mode control 400 and to scan/plot common
control 500. At mode control 400, start scan/plot signal
is effective to cause a plot signal to be produced indicat-
ing that the scanner/plotter is in the plot mode of opera-
tion. The plot signal from mode control 400 is applied to
condition drum control 300 in preparation for receiving
an index pulse. At scan/plot common control 500, the
start scan/plot signal is effective to load the X skip
value from the register in which it is stored to the skip
counter and to also load the plot count value from the
register in which it is stored to the scan/plot byte
counter.

When the index pulse is received by drum control 300
a gated index -pulse is produced and then a series of
gated drum pulses. As the drum rotates the gated drum
pulses are applied to scan/plot. common control 500 to
decrement the skip counter until the skip counter equals
zero indicating the first plot position has been reached.
The skip counter equals zero signal is applied to condi-
tion plot control 900 for a plot operation. Plot control
900, in being conditioned for a plot operation, applies a
data fetch signal to the buffer and bus control 1100 to
initiate a buffer cycle to read the first byte of halftone
plot data from the buffer 1200. The byte of halftone plot
data read out of the buffer 1200 is transferred via data
out bus to buffer and bus control 1100 where it is passed
in normal or mirror form, depending upon the setting of
the mirror/normal switch at the operator panel, and
where it is applied via the S/P in bus to plot data con-
trol 200 where the halftone plot data is complemented
or not depending upon the setting of the POS/NEG
switch at the Operator panel. The next occuring gated
drum pulse, after that which caused the skip counter to
decrement to zero, is applied to the conditioned plot
control 900 causing a signal to be applied on the sample
data line to the plot data control 200 to gate the byte of
halftone plot data on the S/P in bus via the plot out bus
to the head assembly where it is caused to be plotted on
the document. Following this, plot control 900 applies a
signal to decrement the S/P byte counter in scan/plot
common control 500 to indicate that the first byte of
halftone plot data has been plotted on the document. At
the same time, plot control 900 becomes deconditioned
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in preparation for receiving the next gated drum pulse.
When the next gated drum pulse occurs, it again condi-
tions plot control 900 and produces a data fetch signal
to the buffer and bus control 1100 to initiate another
buffer cycle to read the next byte of halftone plot data
from the buffer 1200 and apply it via the data out bus to
buffer and bus control 1100 and then via S/P in bus to
plot data control 200. Plot control 900 again being con-
ditioned for plotting responds to the next succeeding
gated drum pulse to again produce a signal on the sam-
ple data line to the plot data control 200 to gate the
second byte of halftone plot data via the plot out bus to
the head assembly where it is caused to be plotted on
the document. Following this, plot control 900 again
applies a signal to decrement the S/P byte counter in
scan/plot common control 500 to indicate that the sec-
ond byte of halftone plot data has been plotted on the
document and plot control 900 again becomes decondi-
tioned in preparation for receiving the next gated drum
pulse. In a similar manner, each alternate gated drum
pulse conditions plot control 900 for a plot cycle, sig-
nals the buffer and bus control 1100 to initiate a buffer
cycle to read the next byte of halftone plot data to the
plot data control 200 and each next succeeding alternate
gated drum pulse produces the sample data signal to
permit the byte of halftone plot data to be plotted on the
document and to decondition the plot control 900 as
well as decrement S/P byte counter in scan/plot com-
mon control 500. It should be noted that the drum
moves in the X dimension at the rate of 1.1 mils per
drum pulse and since it requires two drum pulses per
plot of data, then it should be apparent that a byte of
plot data is plotted every 2.2 mils on the document. This
plot process continues until the S/P byte count in scan/-
plot common control 500 is decremented to zero. At
that time, scan/plot common control 500 applies a sig-
nal on the byte counter equals zero line to decondition
further plot cycles of operation of plot control 900. The
byte counter equals zero signal is also applied to mode
control 400 which, in turn, produces an end S/P signal
which signals drum control 300 to terminate further
production of gated pulses, terminates the plot signal
and is also applied to signal common control 1000 of the
end of the plot mode of operation.

At common control 1000, the end S/P signal is effec-
tive to cause a device end signal to be transmitted to the
data processing system to indicate that the execution of
write command has been completed. At the same time,
common control 1000 applies a status reset device end
signal to Y control 800,

At 'Y control 800, previously conditioned for Y fixed
stepping by the plot mode switch being turned on, the
status reset device end signal is effective to load the
high order stage of the Y counter in preparation for
stepping the head assembly axially in the Y direction in
accordance with a fixed count (32) set in the Y counter
prior to the next revolution of the drum 2 when the next
band of plot data is to be plotted on the document. Since
a byte of plot data occupies 17.6 mils (8 bits X 2.2 mils/-
bit) it is necessary to step the head assembly a distance
of 17.6 mils in preparation for plotting the next band of
plot data. It should be apparent that since each Y incre-
ment moves the head assembly 0.55 mils, it will be nec-
essary to provide 32Y increments in order to move the
head assembly the 17.6 mil distance. At the same time,
the status reset device end signal is effective to cause Y
control 800 to apply a start step signal to the Y stepping
motor 18 to initiate movement of the head assembly in
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the Y direction. Two steps are taken for each Y incre-
ment providing two head step signals back to Y control
800 after which the Y counter in Y control 890 is decre-
mented by 1 to indicate a 0.55 mil Y increment by the
head assembly. When the Y counter in Y control 800
reaches a count of 1, Y control 800 is conditioned to
terminate the start step signal after the next two head
step signals are received from the Y stepping motor
control to stop the axial movement of the Y motor 18.
As the head assembly movement stops, Y control 800
applies a head stopped signal to common control 1000
to indicate this condition.

At the end of the execution of the first write com-
mand and while the head assembly is moving in the Y
direction, the data processing system transmits a second
write command followed by another record block of
halftone plot data to common control 1000 of the scan-
ner/plotter control unit. Common control 1000 again
decodes the command and produces a series of write
signals to the buffer and bus control 1100 each of which
initiates a buffer cycle of operation to load a byte of
halftone plot data in the buffer 1200. After buffer 1200
is loaded with the record block of halftone plot data,
common control 1000 applies a channel end signal to
the data processing system to indicate that the second
band or record block of halftone plot data has been
loaded in the buffer 1200. If the head assembly is still
moving in an axial direction, the execution of the write
command does not proceed until such time as a head
stopped signal is received from Y control 800, in a simi-
lar manner as previously described in the case of the
load scan buffer command. When the head stopped
signal is received or if it has already been received,
execution of the write command is performed to plot
the next band of halftone plot data on the document in
the same manner as previously described with respect
to the first write command. In a similar manner, by
successive write commands each followed by a fixed Y
increment of 17.6 mils of the head assembly, the entire
halftone reproduction is plotted on the plot document.

When the data processing system determines that the
number of plot bands required to be plotted has been
completed, a control drum stop command is issued to
the scanner/plotter control unit in order to stop the
operation of the drum 2. The execution of the control
drum stop command is the same as that described for
stopping drum 2 after completing the scan operation
and effectively ends the plot operation.

DETAILED DESCRIPTION OF THE SCAN
OPERATION Initial Set Up Operation

Referring to FIG. 1, before the start of the scan oper-
ation, the carrier sheet with the document to be scanned
is mounted on drum 2 and by a combination of the
operation of the single/continuous and right/left
switches at the operator panel the head assembly is
moved into position adjacent an edge of the document.
At the head assembly, the scan/plot lever 44 is moved
to the scan position and switch 20 is switched to the
scan position to apply a ground signal on the scan SW
line. The signal on the scan SW line is applied to condi-
tion the drum motor control for the higher speed opera-
tion. Referring now to FIG. 23A, the ground signal on
the scan SW line is applied to signal lamp control 205 to
turn on the scan lamp, to signal the drum motor to
control the faster operation and is also applied to in-
verter 401 in FIG. 23D where it is inverted to a positive
signal to condition the scan flip flop 402 for being
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push button in FIG. 23A to apply a signal to turn on the
start drum flip flop 319 which in being turned on applies
a positive signal to the drum motor control to initiate
movement of the drum motor. When the drum motor
reaches operating speed a positive pulse is applied from
the drum motor control via the drum up to speed line to
condition the AND circuit 320. When the synchroniza-
tion point i.e. index pulse, is detected by the light sensor
8 a positive pulse is generated by the pulse amplifier 10
and applied to render the AND circuit 320 effective to
apply a negative pulse to turn on the drum ready flip
flop 322. The drum ready flip flop 322 in being turned
on applies a signal via the common control bus to com-
mon control 1000 which, in turn, signals the data pro-
cessing system that the drum is ready to perform the
scan operation. It should be noted that the AND cir-
cuits used in this system are AND invert circuits unless
otherwise indicated so that the AND circuit is rendered
effective by a combination of positive signals at all in-
puts thereof to produce a negative signal otherwise a
positive signal is maintained at the output thereof. Simi-
larly, all OR circuits are negative OR circuits unless
otherwise indicated so that the OR circuit is rendered
effective by a negative signal at any input thereof to
produce a positive signal otherwise a negative signal is
maintained at the output thereof.

Control Set Up Command Operation

As previously described in connection with the gen-
eral description of FIG. 1 and the description of FIG.
17 to FIG. 21, the scan operation is performed by exe-
cuting the following sequence of commands; control
setup, control set repro, load scan buffer, read buffer,
load scan buffer, read buffer . . . control drum stop.
Accordingly, in response to the drum ready device end
signal from common control 1080 the data processing
system transmits the control setup command to the
scanner/plotter control unit followed by the series of
control bytes shown in FIG. 17. Referring now to
FIGS. 23B, 23C and 23D, the control setup command is
decoded at common control 1008 and a negative signal
is applied via the SU CMD line to the OR circuit 1154
which in turn applies a positive signal to condition the
AND circuits 1160 so that as each succeeding control
byte is received it is passed via the in bus and the now
conditioned AND circuits 1160 and OR circuits 1164 to
the S/P IN BUS. As the first control byte, representing
the high order portion of the skip X value, is applied to
the S/P IN BUS, common control 1000 applies a posi-
tive control pulse via the common control bus and the
SU B1 control line to gate the first control byte into the
high order portion of the skip register 510. In a similar
manner, succeeding ones of the control bytes are ap-
plied to the S/P IN BUS and succeeding positive con-
trol pulses are applied via the common control bus and
SU B2, SU B3, SU B4, and SU B5 control lines to ren-
der the AND circuits 504, 506, 508 and 602 effective in
succession to load the low order portion of the skip X
value in skip register 510, to load the high order portion
of the scan count in the S/P byte count register 5§12 and
to load the low order portion of the scan count in the
register 512, respectively. The output of the AND cir-
cuit 602 is used during a PLOT operation which will be
described in greater detail hereafter. Following this,
common control 1000 signals the data processing sys-
tem that execution of the control setup command has
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been completed and may proceed to the Control Set
Repro Command. , ‘

Control Set Repro Command Operation

The data processor issues the control set repro com-
mand followed by the incremental control parameter
bytes shown in FIG. 18 which are applied to common
control 1000 of the scanner/plotter control unit. The
control set repro command is decoded by common
control 1000 and a negative signal is applied via the SR
CMD line in FIG. 23C to OR circuit 1154 which in turn
applies a positive conditioning signal to AND circuits
1160. Common control 1000 then applies a positive
pulse via the common control bus to the SR A line in
FIG. 23K. The negative trailing edge of this pulse is
effective to reset the Y maj/min flip flop 818 which in
being reset applies a positive signal to condition flip flop
818 for being turned on. Following this, the succeeding
incremental control parameter bytes are passed via the
now conditioned AND circuits 1160 and OR circuits
1164 to the S/P IN BUS and succeeding positive con-
trol pulses are applied via the common control bus to
the SR B1 and SR B2 control lines in FIG. 23K, SR B3
control line in FIG. 23D and SR B4, SR B5, SR B6 and
SR B7 control lines in FIG. 23F to render the AND
circuits 802 and 804 in FIG. 23K effective to load the Y
major and Y minor values in the Y MAJ register 806
and Y MIN register 808, respectively, the AND circuits

-604 in FIG. 23D and 606 in FIG. 23F effective to load
the X MAJ and X MIN values in the X MAJ register
614 and X MIN register 616, respectively, the AND
circuits 608, 610 and 612 effective to load the X SLIP,
K FCT and APT values in the SLIP register 618, K
FCT register 620 and APT register 622, respectively. It
should be noted that the control pulse on the SR B4
control line in addition to conditioning the AND circuit
606 is applied to reset the sequence counter 640. Refer-
ring now to FIG. 18 it will be observed that the five low
order bits of the fifth incremental control parameter
byte contains the X SLIP value while the two high
order bits contain. sequence counter values. The se-
quence counter bits may have values 00, 01, 10 or 11
depending on the function to be performed but nor-
mally in the scan operation the values 00 will be con-
tained in these bit positions so that when the control
pulse is applied to the SR B5 control line to condition
the AND circuit 608, the X SLIP value is loaded in the
SLIP register 618 while the sequence count bits 00 are
loaded into the sequence counter 640 such that the
sequence counter 640 will initially be in a sequence 0
state. This condition is decoded by decoder 650 which
applies a positive signal on the Seq. 0 or 3 line to condi-
tion the AND circuit 656.

Referring now to FIG. 23A, an aperture position
signal from the aperture position switch 50 on the head
assembly is applied via the aperture position bus to the
compare circuit 632 in FIG. 23F. At the same time the
aperture set number value in the aperture register 622,
decoded by decoder 643, is compared with the value of
the present setting of the aperture position switch. If the
two values do not compare then the compare circuit
applies a negative signal to decondition the aperture flip
flop 636 whereas if the two values compare then a posi-
tive signal is applied to condition the aperture flip flop
636 for being turned on. Following the application of a
control pulse on the SR B7 control line, common con-
trol 1000 applies a negative pulse on the SET APR line
which is applied to reset the aperture flip flop 636 and to

20

25

35

45

50

35

60

65

26

condition the single shot 634. The aperture flip flop 636
in being turned off applies.a positive signal from the
lower output thereof to condition the AND circuit 646
and to fire the now conditioned single shot 634 which,
in being fired, produces a negative pulse having a 110ms
time period. The positive trailing edge of the negative
pulse is applied to attempt to turn on the aperture flip
flop 636 which is conditioned for being turned on or not
according to the output of the compare circuit 632. If
the position of the aperture switch does compare with
the aperture position number in the aperture register
622, compare circuit 632 maintains a deconditioning
signal to the aperture flip flop 636 which, in turn, re-
mains off and conditions the AND circuits 646. At the
same time that the aperture flip flop 636 is being sam-
pled the single shot 638 is fired to apply a positive 40ms
pulse to render the AND circuit 646 effective to apply
a signal to the aperture stepping motor control 647
which in turn signals the aperture stepping motor 48 in
FIG. 23A to move the aperture position switch to the
next position. At the negative trailing edge of the 40ms
pulse the single shot 634 is again fired to produce an-
other 110ms negative pulse, the period of the two single
shots allowing for the electro mechanical movement of
the aperture position switch 50. Assuming at this time
that the new aperture switch position compares with
the aperture position number stored in the aperture
register 622, the compare circuit 632 applies a positive
conditioning signal to the aperture flip flop condition-
ing it for being turned on. Accordingly, the positive
trailing edge of the negative 110ms pulse from the single
shot 634 is effective to turn on the aperture flip flop 636
which, in being turned on, applies a positive condition-
ing signal to the AND circuit 648 and a negative decon-
ditioning signal to the AND circuit 646 and the single
shot 634. Therefore, when the single shot 638 is fired,
the positive 40ms pulse is applied to render the AND
circuit 648 effective to apply a signal on the APR POS
line which is passed via the common control bus to
signal the common control 1000 that the aperture
switch and in turn the aperture disks 52 and 54 have
been properly positioned in accordance with the aper-
ture position number value set in the aperture register
622. Additionally, since the single shot 634 is decondi-
tioned by the negative output from the aperture flip flop
636, then the trailing edge of the positive 40ms pulse
from single shot 638 is ineffective to fire the single shot
634 and prevent the further recycling of these two sin-
gle shots. It should be apparent that the aperture step-
ping motor will continue to be stepped successively so
long as the position of the aperture switch and the aper-
ture number value set in the aperture register 622 do not
compare but that when a compare is obtained further
stepping of the aperture motor is inhibited and the aper-
ture disks are properly position in accordance with the
predetermined reproduction ratio selected. Referring to
FIG. 23A, it will also be noted that when the aperture
position switch 50 reaches the selected position, the
signal applied to the aperture bus is also applied to lamp
control 205 to adjust the brightness of the lamp in ac-
cordance with the size of the selected holes in the posi-
tioned aperture disks to maintain the illumination con-
stant. In response to the signal on the APR POS line,
common control 1000 signals the data processing sys-
tem to indicate that the execution of the control set
repro command has been completed.
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Load Scan Buffer Command Operation — Sequence 0

Next, the data processor transmits a load scan buffer
command to the scanner/plotter control unit. Common
control 1000 decodes the command and since the head
assembly is not moving, common control 1000 issues a
positive pulse via the common control bus to the start
S/P control line in FIG. 23D. The operation of the
scanner/plotter control unit can now be followed in
conjunction with the timing diagram shown in FIG. 25
which illustrates a representative example of the scan
operation during Seq. 0 where the reproduction param-
eters have the following representative values;

Skip = 2, X Maj = 7, Min = 3, Slip = 4 and Byte
Count = 4.

The positive control pulse on the start S/P control line
is applied to the scan flip flop 402 which was previously
conditioned when the mode switch 20 in FIG. 23A was
positioned for the scan mode operation. Accordingly,
the scan flip flop 402 is turned on to apply a positive
signal to the scan mode line and a negative signal to the
not scan mode line. The positive signal on the -scan
mode line is applied to condition the AND circuit 302 in
FIG. 23A in preparation for receiving the index pulse
while the negative signal on the not scan mode line is
applied to OR circuit 418 in FIG. 23E which, in turn,
applies a positive signal via the ANY OP line to condi-
tion the single shot 422. Referring now to FIG. 23G, the
gate flip flop 670, gate X MAJ latch 676 and gate X
MIN latch 678 are all initially in the reset state and,
consequently, apply negative signals from the upper
outputs thereof to decondition the AND circuits 628 in
FIG. 23F and the AND circuits 624 and 626 in FIG.
23D, respectively, to block the outputs of the X MAJ
register 614, X MIN register 616 and X SLIP register
618 from being transferred to the skip counter 522.
However, referring to FIG. 23A the Index flip flop 310
in being initially in a reset state applies a positive signal
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on the not Index line in FIG. 23D to render the AND 40

circuits 511 effective to pass the X skip value in register
510 via the OR circuits 518 to the skip counter 522.
Accordingly, the positive pulse on the start S/P control
line is applied to the inverter 515 where it is inverted to

a negative pulse and applied to the OR circuit 516 45

which, in turn, applies a positive load signal to the skip
counter 522 to effectively load the X Skip value from
skip register 510 into Skip counter 522. As a result of
loading the X Skip value in the Skip counter 522, de-
coder 526 in FIG. 23E decodes the fact that a zero value
is no longer contained in the Skip counter and a nega-
tive signal will be applied and maintained on the SKIP
CTR =0 line until the Skip counter 522 is decremented
to 0. It will be apparent that if the Skip value = 0, then
there will be no change made in the content of the Skip
counter 522 and a positive signal will be maintained on
the SKIP CTR =0 line since the scan sampling in that
case will start from the index point.

Referring again to FIG. 23D, the positive pulse on
start S/P line is applied as a load signal to load the
content of the S/P byte count register 512 into the S/P
byte counter 524. Decoder 528 in FIG. 23E decodes the
fact that a O value is no longer stored in the byte counter
524 and, therefore, applies and maintains a negative
signal on the BYTE CNT =0 line until such time as the
byte counter 524 is decremented at 0. The positive pulse
on start S/P line is also applied to the AND circuit 656
in FIG. 23G which is conditioned by the positive signal
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on the Seq. 0 or 3 line from decoder 650. Accordingly,
the AND circuit 656 is rendered effective to apply a
negative pulse to reset the X MAJ/MIN flip flop 662
which, in being reset, applies a positive signal from the
lower output thereof to one input of the AND circuit
672 and to condition the flip flop 662 for being turned
on. The gate flip flop 670 being initially in the reset state
applies a positive signal to a second input of the AND
circuit 672 conditioning the AND circuit in preparation
for gating an X major value from the X MAJ register
614 to the Skip counter 522 in FIG. 23D. Referring now
to FIG. 23K, the Y MAJ/MIN flip flop 818 is initially
in a reset state with a positive signal from the lower
output conditioning the flip flop to be turned on. Ac-
cordingly, the positive pulse on the start S/P control
line is applied to turn on the Y MAJ/MIN flip flop 818
which in being turned on applies a positive signal to
condition the AND circuits 816 for passing the Y Minor
value in Y MIN register 808 to the Y counter 820.

" Referring to FIG. 23A, when the index line is next
sensed a positive pulse is produced on the index pulse
line and applied to the AND circuit 302 which is now
conditioned by a positive signal on the Scan Mode line
and is rendered effective to apply a negative pulse to the
OR circuit 306 which in turn applies a positive pulse to
the inverter 308 where it is inverted to a negative pulse
to turn on the Index flip flop 310. The Index flip flop
310 in being turned on applies a positive signal which in
combination with the positive Index pulse renders the
AND circuit 311 effective to apply a negative pulse to
the inverter 313 where it is inverted to a positive pulse
on the gated Index pulse line. Following this, the first
drum line is sensed and a positive pulse is produced on
the drum pulse line and applied to the AND circuit 312
which is conditioned by a positive signal from the Index
flip flop 310. The AND circuit 312 is rendered effective
to apply a negative pulse to step the counter 314, this
counter being provided to keep track of the drum pulses
received from the drum. The negative pulse from the
AND circuit 312 is also applied to the inverter 326
where it is inverted to a positive pulse on the gated
drum pulses line to the AND circuit 5§14 in FIG. 23D.
Referring to FIG. 23E the SKIP CTR=0 flip flop 532
is initially in a reset state causing a positive signal to be
applied from its lower output to condition the AND
circuit 514 in FIG. 23D so that when the gated drum
pulse is received, the AND circuit 514 is rendered effec-
tive to apply a negative pulse via the step line to decre-
ment the Skip counter 522 by 1. In a similar fashion,
each succeeding gated drum pulse is applied to decre-
ment the skip counter 522 by 1 until such time as the
Skip counter reaches a count of zero. At that time,
decoder 526 in FIG. 23E decodes this condition and
applies a positive signal via the SKIP CTR =0 line to
the AND circuit 530 which in combination with the
gated drum pulse that caused the Skip counter to step to
0 renders the AND circuit 530 effective to apply a
negative pulse to the OR circuit 531 which, in turn,
applies a positive pulse to the SKIP CTR=0 flip flop
532. The negative trailing edge of the positive pulse is
effective to turn on the SKIP CTR=0 flip flop which,
in being turned on, applies a positive signal to one input
of the AND circuit 534. Since the Byte count in Byte
counter 524 in FIG. 23D is at a value other than zero,
decoder 528 in FIG. 23E maintains a negative signal on
the BYTE CNT =0 line which is applied to the inverter
533 where it is inverted to a positive signal and applied
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to a second input of the AND circuit 534. Additionally,
the positive signal maintained on the Scan mode line is
applied to a third input of the AND circuit 534 thereby
conditioning the AND circuit so that at the next occur-
ring gated drum pulse the AND circuit 534 is rendered
effective to apply a negative pulse to the inverter 535
where it is inverted to a positive pulse and applied to the
Start Convert line. The positive pulse on the Start Con-
vert line is applied to the AND circuit 672 in FIG. 23G
which is presently conditioned by positive signals from
the lower output of the X MAJ/MIN flip flop 662 and
the lower output of the GT Slip flip flop 670. Accord-
ingly, the AND circuit 672 is rendered effective to
apply a negative pulse to turn on the GT X MAJ latch
676 which in being turned on applies a positive signal to
condition the AND circuits 624 in FIG. 23D for trans-
ferring the X Major value from the X MAJ register 614
to the Skip counter 522, Referring now to FIG. 23A,
the positive pulse on the Start Convert line is applied to
the A/D converters 106 and 112. It should be noted that
as the drum moves the X Skip distance from the index
point, sharp and unsharp signals are continuously pro-
duced by the sensors 58 and 56, amplified by the amplifi-
ers 102 and 104 and 108 and 110, respectively, and pres-
ented to the A/D converters 106 and 112. However, no
conversion of these signals are provided until the drum
moves the designated X Skip distance to the first scan
sample point at which point the A/D converters 106
and 112 are rendered effective by the Start Convert
signal to generate an 8 bit digital byte representing the
sharp value A and another 8 bit digital byte represent-
ing the unsharp value B corresponding to the quadrant
sample point presently being scanned. At the end of the
A/D conversion, the converters 106 and 112 apply a
negative signal to the END CVT line which is applied
to the inverter 675 in FIG. 23H where it is inverted to
a positive signal and applied to the Data Available flip
flop in FIG. 231. The CLK RUN latch 683 is initially in
a reset state causing a positive signal from the lower
output thereof to be applied to condition the Data En-
able flip flop for being turned on so that the positive
signal from the inverter 675 is effective to turn on the
Data Available flip flop 681. The Data Available flip
flop 681 in being turned on applies a negative signal
from the lower output thereof to turn on the A B
mode flip flop 716 and to turn on the CLK RUN latch
683. The CLK RUN latch 683 in being turned on ap-
plies a positive signal to fire the single shot 685 which,
in turn, applies a negative pulse to the inverter 687
where it is inverted to a positive pulse and applied to the
CLK flip flop 689 and to the AND circuits 691 and 693.
The CLK flip flop 689 is initially in a reset state causing
. a positive signal from the lower output thereof to condi-
tion the AND circuit 693 and to apply a negative signal
from the upper output thereof to decondition the AND
circuit 691. Accordingly, the positive pulse on the CLK
line renders the AND circuit 693 effective to step the
counter 695 and bring up the first clock pulse T0. The
positive pulse on the CLK line is also applied via delay
circuit 697 of short duration back to the single shot 685.
At the negative trailing edge of the positive pulse on the
CLK line, the CLK flip flop 689 is turned on, which in
- being turned on, applies a positive signal from the upper
output thereof to condition the AND circuit 691 and a
negative signal from the lower output thereof to the
delay circuit 693. The delayed negative trailing edge of
the positive pulse from the delay circuit 697 is then
applied to fire the single shot 685 since it is conditioned
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by a positive signal from the upper output of the CLK
RUN latch 683. The single shot 685 produces a second
negative pulse which is applied to the inverter 678
where it is inverted to a positive pulse to render the now
conditioned AND circuit 691 effective to apply a nega-
tive pulse to the inverter 692 where it is inverted to a
positive pulse on the Sample line. The second positive
pulse on the CLK line is again applied via delay circuit
697 back to the single shot 685. At the end of the second
positive pulse on the CLK line, the negative trailing
edge thereof is applied to the CLK flip flop 689 which
is already on and therefore has no effect thereon. Fol-
lowing this, the delayed negative signal from delay
circuit 693 is applied to reset the CLK flip flop 689
which in being reset applies a positive signal from the
lower output thereof to condition the AND circuit 693
and the negative signal from the upper output thereof to
decondition the AND circuit 691. The single shot 685
and inverter 686 are effective to apply a third positive
pulse on the CLK line which renders the AND circuit
693 effective to step the counter 695 and terminate the
TO clock pulse and initiate the T1 clock pulse. With this
arrangement it will be apparent that alternate odd posi-
tive pulses on the CLK line will be effective to step the
counter 695 and alternate even positive pulses on the
CLK line will be effective to produce sample pulses
which will occur at the mid point of each clock pulse.
The sequence of clock pulses will continue to be pro-
duced so long as the CLK RUN latch 683 is maintained
on to condition the single shot 685.

Arithmetic Operation: A—B Mode

At TO time, the AND circuit 728 conditioned by the
positive signal from the upper output of the A —B mode
flip flop 716 is rendered effective by the T0 clock pulse
to apply a negative pulse on the (A —B)—T0 line. The
negative pulse on the (A—B)—T0 line is applied to
reset the RES1=Qflip flop 736 and the RES1 POS flip
flop 729. Referring now to FIGS. 23D and 23E, the
negative pulse on the (A —B)—T0 line is also applied to
the OR circuits 516 and 525. OR circuit 516 applies a
positive signal to the LOAD line to load the X Major
value from register 614 via the conditioned AND cir-
cuits 624 and OR circuits 518 into the Skip counter 522
in preparation for allowing the drum to rotate the X
major distance before the next scan sample point is
reached. OR circuit 525 applies a positive pulse to in-
verter 529 where it is inverted to a negative pulse to
reset the SKIP CTR=0 flip flop 532 which in being
turned off applies a negative signal from the upper out-
put thereof to decondition the AND circuit 534 to in-
hibit production of another Start Convert pulse until
such time as the Skip counter which is presently loaded
with the X major value is decremented to zero. The
negative pulse on the (A —B)—T0 line is also applied in
FIG. 23G to reset the K FCT MPR register 652. The
AND circuit 781 in FIG. 24C conditioned by the posi-
tive signal on the A —B line is rendered effective by the
TO clock pulse to apply a negative pulse to the OR
circuit 788 which, in turn, applies a positive pulse to the
inverter 788A where it is inverted to a negative pulse
and applied via the SET COMP line to reset the true/-
complement flip flop 680 in FIG. 23G. The T/C flip
flop 680 in being reset applies a negative signal from the
output thereof to set the true/complement circuits 684
and 694 in the complement condition. Referring now to
FIG. 23D, at T0/Sample time, the combination of posi-
tive pulses on the (A —B)—T0 and SAMPLE lines and
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the positive signal from the lower output of the initially
reset GT slip flip flop 670 in FIG. 23F render the AND
circuit 520 effective to apply a negative pulse via the
step line to decrement by 1 the S/P BYTE COUNTER
524 thereby indicating that one scan sample has been
completed.

At T1 time, the T1 clock pulse is applied to reset the
Data Available flip flop 681 in FIG. 231. Referring now
to FIG. 24A, the positive signal on the A —B line and
the T1 clock pulse are effective to render the AND
circuits 747 and 748 effective to apply negative pulses to
the inverter 747A and the OR circuit 759, respectively,
which in turn, apply positive pulses to the GATE B and
GATE A lines. The positive pulses on the GATE A
and GATE B lines are applied in FIG. 23H to render
the AND circuits 686 and 690 effective, respectively, to
gate the Sharp value A byte in true form to the A side
of the adder 696 and the Unsharp value B byte via the
true/complement circuit 694, presently in the comple-
ment condition, in complement form to the B side of the
adder 696. Adder 696 performs the A — B subtraction by
1’s complement addition in which the value A is the
minuend and the value B is the subtrahend. Accord-
ingly, in the 1’s complement method, the complement
of the subtrahend is added to the minuend with the
result being the difference in complement form unless
there is a carry out of the highest position of the differ-
ence, in which case, an end around carry is performed
with the result being in true form.

Referring to FIG. 24D, since the operation is pres-
ently in the A —B mode, a negative signal is maintained
on K(A—B) line to decondition the AND circuit 795
which in turn applies a positive signal to the inverter
799 where it is inverted to a negative signal on the ACC
SHIFT line. The negative signal on the ACC SHIFT
line is applied in FIG. 23H to decondition the AND
circuits 702 and to the inverter 698 where it is inverted
to a positive signal on the not ACC SHIFT line to
condition the AND circuits 700 so that the A —B result
from the adder 696 is passed via the conditioned AND
circuits 700 and the OR circuits 704 for loading into the
accumulator 706. Referring now to FIG. 231, at
T1/sample time positive signals on the A—B and T1
lines in combination with the Sample pulse renders the
AND circuit 734A effective to apply a negative pulse
via OR circuit 716 and inverter 717 to reset the
CARRY SAVE OVFL flip flop 731, to reset the MPR
counter 742 in FIG. 230, to decrement by 1 the Skip
counter 522 in FIG. 23D and via the ACC CLK 1 line
in FIG. 23] to the OR circuit 773 in FIG. 24B. OR
circuit 773, in turn, applies a positive pulse via the ACC
CLOCK line to load the A —B value into the accumula-
tor 706 in FIG. 23H.

A —B Mode; K=0

Referring to FIG. 23F, if the K Factor stored in
register 620 has a value equal to O, this condition is
decoded by decoder 630 to apply a positive signal to the
K =0 line. Additionally, GT SLIP flip flop 670 in FIG.
23G initially in a reset state applies a positive signal to
the not GT SLIP line. Referring now to FIG. 231, at T2
time, positive signals on the A—B, not GT SLIP and
K =0 lines in combination with the T2 clock pulse is
effective to render the AND circuit 723 effective to
apply a negative pulse to the OR circuit 727 which, in
turn, applies a positive pulse to the inverter 741 where
it is inverted to a negative pulse to the SET TRUE 1
line and to turn on the RES 1=0 flip flop 736. The
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negative pulse on the SET TRUE 1 line is applied to the
OR circuit 787 in FIG. 24C which, in turn, applies a
positive pulse to the inverter 787A where it is inverted
to a negative pulse and applied to the SET TRUE line.
The negative pulse on the SET TRUE line is applied to
turn on the T/C flip flop 680 in FIG, 23G which, in
being turned on, applies a positive signal to set the true
complement circuits 684 and 694 in FIG. 23H to the
true condition. Referring now to FIG. 24A, at T3 time
positive signals on the A—B and RES 1:==0 lines in
combination with the T3 clock pulse renders the AND
circuit 749 effective to apply a negative pulse to the OR
circuit 759, which, in turn, applies a positive pulse to the
GATE A line. The positive pulse on the GATE A line
is applied in FIG. 23H to render the AND circuits 686
effective to gate the sharp value A byte to the A side of
the adder 696. Since no positive signal is applied to the
GATE B line at this time the AND circuit 690 is decon-
ditioned to block the unsharp B byte from being applied
to the adder. This has the effect of applying 0’s to the B
side of the adder 696. Accordingly, the adder 696 adds
the sharp value A byte to 0’s to produce the sharp value
A byte at the output of the adder 696 which passes via
the conditioned AND circuits 700 and OR circuits 704
for loading into the accumulator 706. Referring now to
FIG. 24B, at T3/Sample time, positive signals on the
(A—B), RES 1=0 and TO lines in combination with
positive pulse on the SAMPLE line is applied to render
the AND circuit 763 effective to apply a negative pulse
to the OR circuit 773 which, in turn, applies a positive
pulse via the ACC CLOCK line to load the sharp value
A byte into the accumulator 706 in FIG. 23H. The
output of the accumulator is applied to the AND circuit
714 in FIG. 231, presently conditioned by the positive
signal on the SCAN MODE line to pass the sharp value
A byte via the SCAN OUT BUS to the Buffer and Bus
Control Unit 1100. Referring now to FIG. 24D, at TS
time, positive signals on the A—B and RES 1=0lines in
combination with the T5 clock pulse renders the AND
circuit 790 effective to apply negative pulse to the OR
circuit 797 which, in turn, applies a positive pulse to the
inverter 798 where it is inverted to a negative pulse on
the DATA STORE line. The negative pulse on the
DATA STORE line is applied to the Buffer and Bus
Control Unit 1100 to initiate a cycle of operation of the
Buffer 1200 for loading the sharp value A byte into the
buffer as will be described in greater detail hereafter.
Referring now to FIG. 231, at T5/Sample time, positive
signals on the (A —B) and T5 lines in combination with
the positive SAMPLE pulse renders the AND circuit
712 effective to apply a negative pulse to reset the A—B
flip flop 716 to terminate the A —B mode of operation.

A —B Mode: A—B=0; K0

If the sharp value A is equal to the unsharp value B,
then the computation of A—B will produce a result of
all ’s with no carry in the accumulator 706 in FIG.
23H. The all 1’s condition will be deccded by the de-
coder 710 to apply a positive signal to the ACC = 1’s
line and the no carry condition will produce a negative
signal on the not CARRY line. Referring now to FIG.
231, at T2 time, with the assumed condition of K0, a
negative signal is applied on the K=0 line to inverter
713 where it is inverted to a positive signal and applied
to the K=£0 line. Consequently, positive signals on the
A—B, K40, not CARRY and ACC=1’s lines in com-
bination with the T2 clock pulse are applied to render
the AND circuit 722 effective to apply a negative pulse
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to the OR circuit 727 which, in turn, applies a positive
pulse to the inverter 741 where it is inverted to a nega-
tive pulse which is applied to the SET TRUE 1 line and
to turn on the RES 1=0 flip flop 736. The remainder of
the cycle is identical to that described above in connec-
tion with the K=0 operation to transfer the sharp A
byte to the Buffer and Bus Control Unit 1100.

A—B Mode: A~B=+; K=1

If the sharp value A is larger than the unsharp value
B, then the result of the computation of A—B will
produce a true number in the accumulator with a carry.
Referring to FIGS. 231 and 237, at T2 time, positive
signals on the A —B, K540 and CARRY lines in combi-
nation with the T2 clock pulse renders the AND circuit
724 effective to apply a negative pulse to the SET
TRUE 2 line and to turn on the RES 1 POS flip flop 729
indicating the result of the A—B computation is posi-
tive. The negative pulse on the SET TRUE 2 line is
applied to the OR circuit 787 in FIG. 24C which, in
turn, applies a positive pulse to the inverter 787A where
it is inverted to a negative pulse and applied via the SET
TRUE line to turn on the T/C flip flop 680 in FIG.
23G. The T/C flip flop 680 in being turned on applies a
positive signal to set the true complement circuits 684
and 694 to the true condition. Referring now to FIG.
24C, at T3 time, positive signals on the RES 1 POS and
A —B lines in combination with the T3 clock pulse are
applied to render the AND circuit 775 effective to
apply a negative pulse to the OR circuits 786 and 789
which, in turn, apply positive pulses to the GATE ACC
TO ADDER and ADD CARRY lines respectively.
The positive pulse on the GATE ACC TO ADDER
line is applied to render the AND circuit 692 in FIG.
23H effective to pass the present contents of the accu-
mulator 706 via the true complement circuit 694, pres-
ently in the true condition, to the B side of the adder
696. The A—B value in combination with the ADD
CARRY pulse, applied to the 7th stage of the adder 696
which contains the lowest order bit of the A—B com-
putation, permits a carry 1 operation to be performed in
the adder 696 for obtaining the true result of the A—B
computation. Referring now to FIG. 24B, at T3/Sam-
ple time, positive signals on the A—B, RES 1 POS and
T3 lines in combination with the SAMPLE pulse are
applied to render the AND circuit 762 effective to
apply a negative pulse to the OR circuit 773 which, in
turn, applies a positive pulse via the ACC CLOCK line
to load the true result of the A—B computation via the
conditioned AND circuits 700 and OR circuits 704 into
the accumulator 706. Referring to FIG. 237, at TS time,
positive signals on the RES 1540, A—B and K=1 lines
in combination with the T5 clock pulse renders the
AND circuit 733 effective to apply a negative pulse to
turn on the A4-(A—B) flip flop 738A. Referring to
FIG. 231, at T5/sample time, positive signals on the
(A —B) and TS5 lines in combination with the SAMPLE
pulse are applied to render the AND circuit 712 effec-
tive to apply a negative pulse to turn off the A—B flip
flop 716 to end the A — B mode of operation and initiate
the A +(A —B) mode of operation.

A—B Mode; A—B=+; K+#£1

The operations during T2, T3 and T3/Sample times
are identical to that described above for the A—B=+;
K =1 operation. However, at T5 time, positive signals
on A—B, RES 1540 and K541 lines in combination with
the T5 clock pulse renders the AND circuit 734 effec-
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tive to apply a negative pulse to turn on the K(A—B)
flip flop 739A. The negative pulse from the AND cir-
cuit 734 is also applied via the LD K FCT
MPR/DELTA REG line to the inverter 644 in FIG.
23F where it is inverted to a positive pulse to load the K
Factor from the K FCT register 620 into the K FCT
MPR register 652. The negative pulse on the LD K

FCT MPR/DELTA REG line is also applied to the

inverter 681 in FIG. 23H where it is inverted to a posi-
tive pulse to load the contents of the accumulator 706,
which presently stores the A—B computation in true
form via the true complement circuit 684, presently in
the true condition, into the Delta register 682. Referring
to FIG. 231, at T5/sample time, positive signals on the
A —B and TS5 lines in combination with the SAMPLE
pulse are applied to render the AND circuit 712 effec-
tive to apply a negative pulse to reset the A —B flip flop
716 to end the A —B mode of operation and initiate the
K(A —B) mode of operation.

A—B Mode; A—~B=—; K=1

If the sharp value A is smaller than the unsharp value
B, then the result of the A —B computation is a negative
value and is stored in complement form in the accumu-
lator. Accordingly, referring to FIG. 231 and 23], after
the computation and at T5 time, positive signals on the
A—B, RES 150 and K=1 lines in combination with
the TS clock pulse renders the AND circuit 733 effec-
tive to apply a negative pulse to turn on the A+(A-B)
flip flop 738A. At T5/sample time, positive signals on
A —B and TS5 lines in combination with the SAMPLE
pulse are applied to render the AND circuit 712 effec-
tive to apply a negative pulse to turn off the A—B flip
flop 716 to end the A —B mode of operation and initiate
the A+(A—B) mode of operation.

A—B Mode; A—B=—; K+#1

With the assumed condition of the A—B computa-
tion resulting in a negative value, the A—B result is
stored in complement form in the accumulator and with
the condition of K+£1, the operation, at TS time, is
similar to that described above for the A—B= +; K+£1
operation. Therefore, at T5 time, the operation is effec-
tive to step to the K(A —B) mode of operation, to trans-
fer the K Factor value from the K Factor register to the
K Factor multiplier register and to transfer the content
of the accumulator to the Delta register per the condi-
tion of the true complement circuit 684, which in this
case was set in the complement condition at T0 time, to
recomplement the A—B complement value to a true
value before loading in the Delta register. Similarly, at
TS/sample time, the operation is identical as that de-
scribed above in connection with the A —~B= +; K541
operation to end the A—B mode of operation and to
initiate the K(A —B) mode of operation.

A+(A——B) Mode of Operation

It will be noted from the above description that if
A-—-B=d and K=1 that at the end of the A —B mode
of operation, the computation then proceeds to the
A+ (A —B) mode of operation. Therefore, referring to
FIG. 24C, at TO time of the A4+(A—B) mode, the
positive signal on the A +(A—B) line in combination
with the T0 clock pulse are applied to render the AND
circuit 777 effective to apply a negative pulse to the OR
circuit 787 which, in turn, applies a positive pulse to the
inverter 787A where it is inverted to a negative pulse
and applied to the SET TRUE line. The negative pulse
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on the SET TRUE line is applied in FIG. 23G to turn
on the T/C flip flop 680 which, in being turned on,
applies a positive signal to set the true complement
circuits 684 and 694 in FIG. 23H to the true condition.
Referring now to FIG. 24A, at T1 time of the A4-A
(A —B) mode, the positive signal on the A (A —B) line
in combination with the T1 clock pulse are applied to
render the AND circuit 750 effective to apply a nega-
tive pulse to the OR circuit 759 which, in turn, applies
a positive pulse to the GATE A line. The positive pulse
on the GATE A line is applied in FIG. 23H to render
the AND circuits 686 effective to pass the sharp value
A to the A side of the adder 696. At the same time,
referring to FIGS. 24B and 24C, the positive signal on
the A+(A—B) line in combination with the T1 clock
pulse are applied to render the AND circuit 771 effec-
tive to apply a negative pulse to the OR circuit 786
which, in turn, applies a positive pulse to the GATE
ACC TO ADDER line. The positive pulse on the
GATE ACC TO ADDRER line is applied in FIG. 23H
to render the AND circuits 692 effective to pass the
content of the accumulator 706, presently storing the
A —B value, via the true complement circuit 694, pres-
ently in the true condition, to the B side of the adder 696
where it is added to the sharp A value byte to produce
the A+(A—B) value at the output of the adder and
with a carry or not in the carry bit position in accor-
dance with the magnitude of the values added in the
adder 696. Referring now to FIG. 24B, at T1/sample
time, positive signals on the A+ (A —B) and T1 lines in
combination with the SAMPLE pulse are applied to
render the AND circuit 765 effective to apply a nega-
tive pulse to the OR circuit 773 which, in turn, applies
a positive pulse via the ACC CLOCK line to load the
A + (A —B) output of the adder 696 in FIG. 23H via the
conditioned AND circuits 700 and OR circuits 704 into
the accumulator 706.

A-+(A—B) Mode; CARRY YES; RES 1 POS
(A-B=1+)

Referring now to FIG. 231 at T2 time of the A+ A
(A -—B) mode, if a carry had resulted from the A+A
(A —B) addition then positive signals on the CARRY
and A + (A —B) lines in combination with the T2 clock
pulse are applied to render the AND circuit 718 effec-
tive to apply a negative pulse to the OR circuit 725
which, in turn, applies a positive pulse to the inverter
725A where it is inverted to a negative pulse to turn on
the CARRY SAVE OVFL flip flop 731. The fact that
a carry has resulted from the addition of A and A—B
indicates that the A-+(A —B) result exceeds 255, the
maximum permissible value. Accordingly, the content
of the accumulator must be adjusted to indicate the
maximum possible value and, therefore, must be set to
all I’s. Consequently, referring now to FIG. 24A, at T3
time of the A+(A—B) mode, positive signals on the
A+(A—B), RES 1 POS and CARRY SAVE OVFL
lines in combination with the T3 clock pulse are applied
to render the AND circuit 751 effective to apply a
negative pulse to the OR circuit 760 which in turn ap-
plies a positive pulse to the inverter 760A where it is
inverted to a negative pulse and applied via the SET
ACC to 1’s line to set all stages of the accumulator 706
in FIG. 23H to I’s indicating the maximum value of 255.
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A+(A—B) Mode; CARRY YES; RES 1 NEG
(A-B=-)

If the A —B computation resulted in a negative value
ie. RES 1 NEG, it indicates that the A—B result is a
complement value and when the A+ (A —B) computa-
tion is performed and results in a carry it indicates that
the result of the A +(A —B) addition is a true value and
that an end around carry must be performed to obtain
the final true value of the A + (A —B) addition. Accord-
ingly, referring to FIG. 24C, at T3 time of the A+A
(A —B) mode, positive signals on the A+(A —B), RES
1 NEG, CARRY SAVE OVFL lines in combination
with the T3 clock pulse are applied to render the AND
circuit 774 effective to apply a negative pulse to the OR
circuits 786 and 789 which, in turn, apply positive sig-
nals to the GATE ACC TO ADDER and ADD
CARRY lines, respectively. The positive pulse on the
GATE ACC TO ADDER line is applied to render the
AND circuit 692 in FIG. 23H effective to pass the
present contents of the accumulator 706 via the true
complement circuit 694, presently in the true condition,
to the B side of the adder 696. The A + (A —B) value in
combination with the ADD CARRY pulse applied to
the low order bit 7 position of the adder 696 permits the
end around carry addition to be performed to produce
the true A 4 (A —B) result. Referring now to FIG. 24B,
at T3/sample time of the A+(A—B) mode, positive
signals on the T3, A+ (A —B) and RES 1 NEG lines in
combination with the SAMPLE pulse are applied to
render the AND circuit 764 effective to apply a nega-
tive pulse to the OR circuit 753 which, in turn, applies
a positive pulse via the ACC CLOCK line to the accu-
mulator 706 in FIG. 23H to load the now true form of
the A +(A —B) value via the conditioned AND circuits
700 and OR circuit 704 into the accumulator 706.

‘A+(A—B) mode; CARRY NO; RES 1 POS
(A—B=-+)

If the A—B computation results in a positive value
i.e. RES 1 POS, it indicates that A—B result is a true
number. Consequently, when it is added to the value A
to produce the A +(A —B) value and no carry resuits,
indicating that the A+ (A —B) result does not exceed
255, then the A + (A —B) result is valid and no change is
necessary to the 'value stored in the accumulator 706.

A+(A—B) Mode; CARRY NO; RES 1 NEG
: (A—B==)

If the A—B computation results in a negative value
i.e. RES 1 NEG it indicates that the (A—B) result is a
complement value and when added to the value A to
produce the value A+(A—B) and no carry results it
indicates that the A +(A —B) result is a negative value.
Since the valid range of values is between 0 and 2585, all
A+ (A —B) additions which result in a negative value
must be changed to a 0 value. Consequently, referring
to FIG. 24A, at T3 time of the A +(A —B) mode, posi-
tive signals on the A+(A—B), not CARRY SAVE
OVFL and RES 1 NEG lines in combination with the
T3 clock pulse are applied to render the AND circuit
754 effective to apply a negative pulse to the OR circuit
761 which, in turn, applies a positive pulse to the in-
verter T61A where it is inverted to a negative pulse and
applied via the SET ACC TO 0 line to set all stages of
accumulator 706 in FIG. 23H to 0’s.
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A +(A—B) Mode; ALL CASES

Referring now to FIG. 24D, at TS time of the A +\
(A —B) mode, the positive signal on the A + (A—B)line
in combination with the T5 clock pulse are applied to
render the AND circuit 791 effective to apply a nega-
tive pulse to the OR circuit 797 which in turn applies a
positive pulse to the inverter 798 where it is inverted to
a negative pulse and applied via the DATA STORE
line to the Buffer and Bus Control Unit 1100 to initiate
a cycle of operation of the Buffer 1200 to load the con-
tent of the accumulator in the Buffer in a manner which
will be described in greater detail hereafter. Referring
now to FIG. 231, at T5/sample time of the A+(A-—-B)
mode, positive signals on the T5 and A +(A—B) lines in
combination with the SAMPLE pulse are applied to
render the AND circuit 715 effective to apply a nega-
tive pulse to reset the A +(A —B) flip flop 738A in FIG.
23) and thereby end the A +(A —B) mode of operation
and is also applied to the OR circuit 716 which, in turn,
applies a positive pulse to the inverter 717 where it is
inverted to a negative pulse to reset the CARRY SAVE

- OVFL flip flop 731.

Arithmetic Operation: K(A —B) Mode

It will be remembered from the above description of
the (A—B) mode of operation that if A—B== and
K=£1, then at TS time of that mode, the K(A —B) flip
flop 739A in FIG. 23] was turned on to step to the
K(A —B) mode of operation, the K Factor value was
transferred from the K FCT register 620 to the K FCT
MPR register 652 in FIG. 23F and the content of the
accumulator 706 in FIG. 23H was transferred via the
true complement circuit 684, set to the true condition,
to the Delta register 682. The multiplier counter 742 in
FIG. 230 is initially in a 0 state which condition is de-
coded by decoder 743 to apply a positive signal on a
MPR CTR = 0 line. Accordingly, referring to FIG.
24A, at TO time of the K(A —B) mode, positive signals
on the K(A—B) and MPR CTR = 0 lines in combina-
tion with the TO clock pulse are applied to render the
AND circuit 755 effective to apply a negative pulse via
the RST ACC line to reset the accumulator 706 in FIG.
23H preparatory to performing a K(A—B) multiplica-
tion. Referring now to FIGS. 231 and 23N, at the same
time, the positive signal on the K(A —B) line in combi-
nation with the T0 clock pulse are applied to render the
AND circuit 719 effective to apply a negative pulse to
teset the ACC = 0 flip flop 732. The negative pulse
from the AND circuit 719 is also applied to the OR
circuit 716 which, in turn, applies a positive pulse to the
inverter 717 where it is inverted to a negative pulse to
reset the CARRY SAVE OVFL flip flop 731. The
negative pulse output of the AND circuit 719 is further
applied to the inverter 742A in FIG. 230 where it is
inverted to a positive pulse and in combination with the
positive signal on the MPR CTR=0 line renders the
AND circuit 743A effective to apply a negative pulse
on the SET TRUE 3 line. The negative pulse on the
SET TRUE 3 line is applied to the OR circuit 787 in
FIG. 24C which, in turn, applies a positive pulse to the
inverter 787A where it is inverted to a negative pulse
and applied via the SET TRUE line to turn on the T/C
flip flop 680 in FIG. 23G. The T/C flip flop 680 in being
turned on applies a positive signal to set the true com-
plement circuits 684 and 694 to the true condition. Re-
ferring now to FIG. 24D, the positive signal on the
K(A—B) line in combination with the T0 clock pulse
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are applied to render the AND circuit 795 effective to
apply a negative pulse to the inverter 799 where it is
inverted to a positive pulse and applied via the ACC
SHIFT line to condition the AND circuits 702 in FIG.
23H and via the inverter 698 where it is inverted to a
negative pulse to decondition the AND circuits 700.
Each output of the AND circuits 702 is connected to
each OR circuit 704 associated with the next higher
stage of the accumulator 706 so that as the contents of
the accumulator 706 is passed via the now conditioned
AND circuits 702 and OR circuits 704 back for reload-
ing in the accumulator 706, the value is effectively
shifted left by 1 bit position. Referring to FIG. 24A, at
T0/sample time, positive signals on the K(A—-B) and
TO lines in combination with the SAMPLE pulse are
applied to render the AND circuit 758 effective to
apply a negative pulse to the OR circuit 773 in FIG. 24B
which in turn applies a positive pulse via the ACC
CLOCK line to the accumulator 766 in FIG. 23H to
cause the shifted value to be loaded back into the accu-
mulator. It should be noted that the accumulator was
reset at TO time and accordingly the shifting operation
at this time has no effect and merely reloads 0’s back
into the accumulator.

Referring now to FIG. 23G, the K FCT MPR regis-
ter 652 is a five stage shifting register which presently
contains the K Factor with each bit position, if a bit 1 i
present, having the binary value indicated. As the K
Factor value is shifted through the register 652, stage 0
will be monitored after each shift operation to deter-
mine whether a 1 bit is present in that position or not. If
a 1 bit is present this indicates that the A —B value is to
be multiplied by that factor. In binary multiplication, if
a number is multiplied by the radix of the number sys-
tem, this multiplication has the effect of shifting the
number 1 place to the left with respect to the radix
point. Accordingly, binary multiplication is accom-
plished by a series of add and shift operations. For this
multiplication, the radix point will be considered to be
between bit 7 and bit 8 position of the accumulator so
that the 11 stages of the accumulator have the following

values:

C 0 1 2 3 4 5 6 7 8 9
256 128 64 32 16 8 4 2 1 25

Essentially, stage 0 of the K FCT MPR register 652 is
monitored for a 1 or 0 bit. If a 1 bit is present then the
A—B value is added to the contents of the accumulator
and the result is shifted to left 1 position whereas if a 0
bit is present the A —B value is not added to the accu-
mulator but the content of the accumulator is shifted to
the left by 1 position. The MPR counter 742 in FIG.
230 is stepped for each add and shift operation until a
count of 5 is reached indicating that each value of the K
Factor has been examined and that the multiplication
process has been completed. Also, the carry stage of the
accumulator 706 is monitored for a carry condition
during the K(A — B) multiplication. If a carry condition
is detected and the previous A-B computation resuited
in a positive or negative value i.e. RES 1 POS or RES
1 NEG, this indicates that the K(A —B) result has ex-
ceeded the maximum value or that the K(A —B) result
has a negative value, respectively, in which case, cor-
rective action is necessary to set all stages of the accu-
mulator to 1’s or to 0s, respectively. If no carry condi-
tion is detected but the contents of the accumulator to



4,122,496

39

the left of the radix point i.e., stages 0 to 7 contains all
0’s this indicates that the K(A —B) result is a fractional
value, in which case, corrective action is necessary to
treat this result as a 0 value and to load the accumulator
with the sharp A value. If no carry condition is detected
and the contents of the accumulator =% 0, this indicates
that the K(A —B) result in the accumulator is valid and
the operation may then proceed to the A4K(A—B)
mode of operation.

Referring now to FIG. 24B, at T1 time of the
K(A —B) mode, if a 1 bit is detected in the 0 stage of the
K FCT MPR register 652, then positive signals on the
K(A—B) and MPR 0=1 lines in combination with the
T1 clock pulse are applied to render the AND circuit
770 effective to apply a negative pulse to the inverter
7T70A and to the OR circuit 786 in FIG. 24C, respec-
tively. The inverter 770A inverts the negative pulse to
a positive pulse which is applied via the GATE
DELTA REG line to render the AND circuits 688 in
FIG. 23H effective to load the A —B value, presently in
the Delta register 682, into the A side of the adder 696.
At the same time, referring to FIG. 24C the OR circuit
786 applies a positive pulse via the GATE ACC TO
ADDRER line to render the AND circuit 692 in FIG.
23H effective to pass the content of the accumulator,
presently storing a O value due to the resetting of the
accumulator at TO time, via the true complement circuit
694, presently in the true condition, to the B side of the
adder 696 to thereby permit the A—B value to be added
to the contents of the accumulator, the result of which
is passed via the conditioned AND circuits 700 and the
OR circuits 704 for loading to the accumulator 706.
Referring now to FIG. 24B, at T1/sample time, the
positive signals on the K(A—B), T1 and MPR 0=1
lines in combination with SAMPLE pulse are applied to
render the AND circuit 766 effective to apply a nega-
tive pulse to the OR circuit 773 which, in turn, applies
a positive pulse via the ACC CLOCK line to the accu-
mulator 706 in FIG. 23H to load the A—B result into
the accumulator. Referring now to FIG. 230, at
T2/sample time of the K(A —B) mode, positive signals
on the K(A—B) and T2 lines in combination with the
SAMPLE pulse are applied to render the AND circuit
7317 effective to apply a negative pulse to step the MPR
counter 742 to a count of 1 and to also set the RES 4 flip
flop 746 in FIG. 23J. It should be apparent that if a 1 bit
had not been detected in stage 0 of the K FCT MPR
register 652, then the addition of the delta value (A—B)
to the content of the accumulator would not be per-
formed after the accumulator shift operation and the
MPR counter would simply be stepped to the next
count. Referring now to FIG. 23F and 23G, at T4 time
of the K(A —B) mode, positive signals on the K(A—B)
and not MPR CTR = 5 lines in combination with the
T4 clock pulse are applied to render the AND circuit
642 effective to apply a shift pulse to shift the contents
K FCT MPR register 652 to present the next bit of the
K Factor to stage 0 of the register. Referring now to
FIG. 24D, at TO time of the next clock cycle, the posi-
tive signal on the K(A —B) line in combination with the
TO clock pulse are applied to render the AND circuit
795 effective to apply a negative pulse to the inverter
799 where it is inverted to a positive pulse and applied
via the ACC SHIFT line to condition the AND circuits
702 and to the inverter 698 where it is inverted to a
negative pulse to decondition the AND circuits 700.
This again allows the contents of the accumulator to
pass via the AND circuits 702, in a manner as previ-
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ously described, and the OR circuits 704 shifted left by
1 position so that at T0/sample time of this next clock
cycle the shifted result is reloaded into the accumulator
706 by the ACC CLOCK signal. This completes one
add and shift left operation if a 1 bit had previously been
detected in stage 0 of the register 652 or simply a shift
left operation if a 0 bit had been previously detected in
stage 0 of the register 652. In a similar manner, each bit
of the K Factor is examined after a shift operation and
the delta value (A —B) is added or not in accordance
with the bit monitored at stage 0 of the register during
that cycle of operation after which the MPR counter is
stepped to the next count at T2/sample time, the K
FCT MPR register is shifted at T4 time and the content
of the accumulator is shifted left 1 position at the next
TO0/sample time. Referring now to FIG. 23], it should
be noted that at T1 time of each cycle the delta value
(A—B) is added to the accumulator if stage 0 of the K
Factor register 652 contains a 1 bit which addition may
result in a carry. Accordingly, at T2 time of the
K(A —B) mode, referring to FIG. 231, if a carry occurs,
then positive signals on the K(A —B) and CARRY lines
in combination with the T2 clock pulse are applied to
render the AND circuit 721 effective to apply a nega-
tive pulse via the OR circuit 725 and inverter 725A to
turn on the CARRY SAVE OVFL flip flop 731 apply-
ing a positive signal to the CARRY SAVE OVFL line
and a negative signal to the not CARRY SAVE OVFL
line. Referring now to FIG. 230, at T2/sample time of
the 5th cycle of operation the MPR counter 742 is
stepped to a count of 5 which condition is decoded by
the decoder 743 to apply a positive signal on the MPR
CPR = 5 line which is applied to inhibit the stepping
circuitry of the K FCT MPR register 652 in FIG. 23F
to prevent further stepping of the register.

K(A —B) Mode; MPR CTR=5; CARRY YES; RES 1
NEG

If the unsharp value B is larger than the sharp value
A, then the A—B computation results in a negative
value indicated by a positive signal on the RES 1 NEG
line. Also, if the unsharp B value is large compared to
the sharp A value such that the K(A —B) multiplication
results in a value which exceeds the sharp A value,
indicated by the fact that a carry has resulted from the
multiplication, then it is apparent that —K(A—B) >A
and that the RGL = A +K(A —B) result will be a nega-
tive value. Consequently, since the RGL value cannot
be a negative value, it is necessary under this set of
circumstances to set the accumulator to all 0’s so that
the RGL value will equal 0 rather than a negative value.
Referring now to FIG. 24A, under the set of circum-
stances indicated above, at T4 time of the S5th cycle,
positive signals on the CARRY SAVE OVFL,
K(A—B), MPR CTR = 5 and RES 1 POS lines in
combination with the T4 clock pulse are applied to
render the AND circuit 756 effective to apply a nega-
tive pulse to the OR circuit 761 which, in turn, applies
a positive pulse to the inverter 761A where it is inverted
to a negative pulse and applied via the SET ACC TO
0’s line to set the accumulator to all 0’s.

K(A —B) Mode; MPR CTR=5; CARRY YES; RES 1
POS

If the sharp A value is larger than the unsharp B
value, then the A—B computation results in a positive
value indicated by a positive signal on the RES 1 POS
line. Also, if the sharp A value is larger compared to the
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unsharp B value such that the K(A —B) multiplication
results in a value which exceeds 255, indicated by the
fact that a carry has resulted from the multiplication,
then it is apparent that the A +K(A —B) value will also
exceed the maximum value of 255. Consequently, since
the RGL value cannot exceed 255, it is necessary to set
the accumulator to all 1’s which is the maximum RGL
value. Referring now to FIG. 24A, at T4 time of the 5th
cycle, under the set of conditions set forth above, posi-
tive signals are applied to the RES 1 POS, CARRY
SAVE OVFL, K(A—B) and MPR CTR = 5 lines in
combination with the T4 clock pulse are applied to
render the AND circuit 752 effective to apply a nega-
tive pulse to the OR circuit 760 which, in turn, applies
a positive pulse to the inverter 760A where it is inverted
to a negative pulse and applied via the SET ACCTO 1
line to set the accumulator 706 in FIG. 23H to all 1’s.

K(A—B) Mode; MPR CTR =5; CARRY NO: ACC=0

If the difference between the sharp A value and un-
sharp B value equals plus or minus 1 and the K Factor
is equal to a value less than 1, then the K(A —B) multi-
plication results in a fractional value with no carry and
all stages of the accumulator 706 in FIG. 23H to the left
of the radix point will be all 0’s. Accordingly, for this
set of conditions, the K(A —B) value is treated as a 0
value and accordingly, the sharp A value may be loaded
into the accumulator so that the RGL value will be
equal to A. Therefore, referring to FIG. 23H, under this
set of circumstances, at T3 time of the 5th clock cycle,
decoder 710 detects the fact that all stages to the left of
the radix point are 0 and produces a positive signal on
the ACC = 0’s line. Referring now to FIG. 231, at T3
time of the Sth clock cycle, positive signals on the
K(A—B), ACC = 0’s and MPR CTR = 5 lines in
combination with the T3 clock pulse are applied to
render the AND circuit 726 effective to apply a nega-
tive pulse to turn on the ACC = 0 flip flop 732 which
in being turned on applies a positive signal in FIG. 237
to the ACC = 0 line. Referring now to FIG. 23N, at T4
time of the 5th clock cycle, positive signals on the
K(A—B), ACC = (s, and MPR CTR = 5 lines in
combination with the T4 clock pulse are applied to
render the AND circuit 726A effective to apply a nega-
tive pulse to the GATE A2 line. The negative pulse on
the GATE A2 line is applied in FIG. 24A to the OR
circuit 759 which, in turn, applies a positive pulse via
the GATE A line to render the AND circuits 686 in
FIG. 23H effective to pass the sharp A value to the
adder 696. Since positive signals are not presently ap-
plied to GATE B or GATE ACC TO ADDER lines,
the B side of the adder is blocked and as a result the
sharp A value is added to 0 and appears at the output of
the adder 696. The sharp A value is passed via the AND
circuits 700 conditioned by the positive signal on the
not ACC SHIFT line and via the OR circuits 704 to the
accumulator 706. Referring now to FIG. 24B, at
T4/sample time of the 5th clock cycle, positive signals
on the not CARRY SAVE OVFL, K(A—B), MPR
CTR = 5 and ACC = 0’s lines in combination with the
T4 clock pulse are applied to render the AND circuit
767 effective to apply a negative pulse to the OR circuit
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773 which, in turn, applies a positive pulse via the ACC

CLOCK  line to the accumulator 706 in FIG. 23H to
load the sharp A value into the accumulator.

42

K(A —B) Mode; ABOVE 3 CONDITIONS

Referring now to FIG. 24D, at T5 time of the 5th
clock cycle, positive signals on the K(A—B), MPR
CTR = 5and ACC = 0s lines in combination with the
TS5 clock pulse are applied to render the AND circuit
792 effective to apply a negative pulse to the OR circuit

797 which, in turn, applies a positive pulse to the in-

verter 798 where it is inverted to a negative pulse and
applied via the DATA STORE line to signal the Buffer
and Bus Control Unit 1100 to initiate a cycle of opera-
tion of the Buffer 1200 to load the present RGL value in
the accumulator into the Buffer.

Referring now to FIG. 233, at T5/sample time of the
5th clock cycle, positive signals on the MPR CTR = 5
and TS5 lines in combination with the SAMPLE pulse
are applied to render the AND circuit 739 effective to
apply a negative pulse to reset the K(A —B) flip flop 739
and thereby end the K(A —B) mode of operation.

K(A —B) Mode; MPR CTR =5; CARRY NO;
ACC£0

If the result of the K(A —B) multiplication results in
a value which does not cause the accumulator to be set
to all ’s or set to all 1’s, as described above, and indi-
cated by the fact that there is no carry and if the
K(A—B) result is not a fractional value, indicated by
the ACC = 0, then the operation must step to the
A+K(A—B) mode of operation so that the K(A—B)
value may be added to the A value to obtain the correct
RGL value. Accordingly, at T5 time of the 5th clock
cycle, referring to FIGS. 231 and 23J, positive signals
from the lower output of the CARRY SAVE OVFL
flip flop 731, the lower output of the ACC = 0 flip flop
732, and on the MPR CTR = 5 and K(A —B) lines in
combination with the T5 clock pulse are applied to
render the AND circuit 735 effective to apply a nega-
tive pulse to turn on the A+K(A —~B) flip flop 740. As
previously described, at T5/sample time of the 5th
clock cycle, the AND circuit 739 is rendered effective
to apply a negative pulse to reset K(A—B) flip flop
739A to end this mode of operation.

Arithmetic Operation: A +K(A —B) Mode

If the A—B computation resulted in a positive value
indicated by a positive signal on the RES 1 POS line,
then the valid K(A —B) value presently in the accumu-
lator is also a positive value and may be added to the
sharp A value to produce the A+ K(A —B) value. If the
A+K(A —B) result is produced with no carry, it indi-
cates that the A+ K(A —B) value does not exceed 255
and the contents of the accumulator may be taken as the
RGL value for the scan sample point. On the other
hand, if the A—B computation resulted in a negative
value, indicated by a positive signal on the RES 1 NEG
line then the valid K(A —B) value presently in the accu-
mulator is a negative value and must be complemented
before being added to the sharp A value to produce the
A+K(A~B) value. In this case, if the A+K(A—B)
result is produced with no carry, then the A+K(A—-B)
value stored in the accumulator is a complement num-
ber indicating that the A+K(A—B) result is negative
value. Consequently, since the RGL value cannot be
less then O, then this condition must be corrected by
setting the accumulator to all 0’s and the 0 value taken
as the RGL value for the scan sample point. If the A—B
computation resulted in a negative value and a carry
results from the A +K(A —B) computation, it indicates
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that the result is a true number and an add carry opera-
tion must be performed to produce the final true A 4 B-
(A — B) value which is then taken as the RGL value for
the scan sample point. If the A —B computation resulted
in a positive value and a carry resulted from the A+K-
(A —B) computation, then this indicates that the A +K-
(A—B) result is a value which exceeds 255. Conse-
quently, since the RGL value cannot exceed 255, the
contents of the accumulator must be corrected by set-
ting the accumulator to all 1’s indicating the maximum
value of the RGL value for that scan sample point.
Once the proper A+K(A —B) value has been loaded
into the accumulator, a data store operation may be
signaled to transfer the RGL value in the accumulator
to the Buffer and the A-+K(A —B) mode of operation
may be terminated.

Referring now to FIG. 24C if the A—B computation
resulted in a negative value, then, at TO time of the
A +K(A —B) mode, positive signals on the RES 1 NEG
and A+K(A—B) lines in combination with the TO
clock pulse line are applied to render the AND circuit
782 effective to apply a negative pulse to the OR circuit
788 which, in turn, applies a positive pulse to the in-
verter 788A where it is inverted to a negative pulse and
applied to the SET COMP line. The negative pulse on
the SET COMP line is applied to reset the T/C flip flop
680 in FIG. 23G which, in being reset, applies a nega-
tive signal to set the true complement circuit 694 to the
complement condition. On the other hand, if the A—B
computation resulted in a positive value, then at T0 time
of the A +K(A —B) mode, referring to FIG. 24C, posi-
tive signals on the A +K(A —B) and RES 1 POS lines in
combination with the T0 clock pulse are applied to
render the AND circuit 779 effective to apply a nega-
tive pulse to the OR circuit 787 which, in turn, applies
a positive pulse to the inverter 787A where it is inverted
to a negative pulse and applied to the SET TRUE line.
The negative pulse on the SET TRUE line is applied to
turn on the T/C flip flop 680 in FIG. 23G which, in
being turned on, applies a positive signal to set the true
complement circuit 694 in the true condition. Referring
now to FIG. 23], at T1 time of the A +K(A —B) mode,
the positive signal on the A +K(A —B) line in combina-
tion with the T1 clock pulse are applied to render the
AND circuit 744 effective to produce a negative pulse
which is applied to turn on the RES 4 flip flop 746 and
to the GATE A1 line. The negative pulse on the GATE
Al line is applied to the OR circuit 759 in FIG. 24A
which, in turn, applies a positive pulse via the GATE A
line to render the AND circuits 686 in FIG. 23H effec-
tive to pass the sharp A value to the A side of the adder
696. Referring now to FIGS. 24B and 24C, at the same
time, the positive signal on the A+K(A—B) line in
combination with the T1 clock pulse are applied to
render the AND circuit 772 effective to apply a nega-
tive pulse to the OR circuit 786 which, in turn, applies
- a positive pulse via the GATE ACC TO ADDER line
to render the AND circuits 692 in FIG. 23H effective to
pass the content of the accumulator, presently storing
the K(A —B) value via the true complement circuit 694,
conditioned in accordance with the A—B computation
result as described above, to the B side of the adder and
produce at the output thereof the A +K(A—B) value.
Since a positive signal is maintained on the not ACC
SHIFT line, the A+ K(A —B) result is passed via the
AND circuits 700 and OR circuit 704 to the accumula-
tor 706. Referring now to FIG. 24B, at T1/sample time
of the A+K(A—B) mode, positive signals on the
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A+K(A—B) and T1 lines in combination with the
SAMPLE pulse are applied to render the AND circuit
768 effective to apply a negative pulse to the OR circuit
773 which, in turn, applies a negative pulse via the ACC
CLOCK line to the accumulator 706 in FIG. 23H to
load the A +K(A —B) value into the accumulator. Re-
ferring now A+K(A—B) Mode; RES 1 NEG;
CARRY NO

In the case where the sharp A value is added to the
complement of the K(A —B) value and no carry results,
it indicates that the A+X(A —B) result is a negative
value and since the RGL value cannot be less than 0
then the content of the accumulator must be corrected
by setting the accumulator to all 0’s. Accordingly, refer-
ring to FIG. 24A, at T2 time, positive signals on the
A+K(A—B), not CARRY and RES 1 NEG lines in
combination with the T2 clock pulse are applied to
render the AND circuit 755 effective to apply a nega-
tive pulse to the OR circuit 761 which, in turn, applies
a positive pulse to the inverter 761A where it is inverted
to a negative pulse and applied via the SET ACC TO
0’s line to set-all stages of the accumulator 706 in FIG.
23H to 0’s, which may then be taken as the RGL value
for the scan sample point.

A -+K(A—B) Mode; RES 1 NEG; CARRY YES

In the case where the sharp A value is added to the
complement of the K(A —B) value and a carry results, it
indicates that the A+XK(A —B) result is a true number
and that an end around carry must be performed to
obtain the final true value of the A +K(A —B) computa-
tion. Accordingly, referring to FIG. 231, at T2 time,
positive signals on the RES 1 NEG, CARRY and
A+K(A—B) lines in combination with the T2 clock
pulse are applied to render the AND circuit 720 effec-
tive to apply a negative pulse to the OR circuit 725
which, in turn, applies a positive pulse to the inverter
725A where it is inverted to a negative pulse to turn on
the CARRY SAVE OVFL flip flop 731 which, in being
turned on, applies a positive signal to the CARRY
SAVE OVFL line and a negative signal to the not
CARRY SAVE OVFL line. Referring to FIG. 24C, at
the same T2 time, positive signals on the RES 1 NEG,
A+K(A—B) and CARRY lines in combination with
the T2 clock pulse are applied to render the AND cir-
cuit 780 effective to apply a negative pulse to the OR
circuit 787 which, in turn, applies a positive pulse to the
inverter 787A where it is inverted to a negative pulse
and applied to the SET TRUE line. The negative pulse
on the SET TRUE line is applied to turn on the T/C
flip flop 680 in FIG. 23G which, in being turned on,
applies a positive signal to set the true complement
circuit 694 to the true condition in preparation for car-
rying out the end around carry operation. Referring
now to FIG. 24C, at T3 time, positive signals on the
RES 1 NEG, CARRY SAVE OVFL and A+K(A —B)
lines in combination with the T3 clock pulse are applied
to render the AND circuit 784 effective to apply a
negative pulse to the OR circuit 789 which, in turn,
applies a positive pulse via the ADD CARRY line to
the bit 7 position of the adder. Referring to FIG. 24C, at
the same time, positive signals on the RES 1 NEG,
CARRY SAVE OVFL and A +K(A —B) lines in com-
bination with the positive clock pulse on the T3 line are
applied to render the AND circuit 775 effective to
apply a negative pulse to the OR circuits 786 and 789
which, in turn, apply positive pulses to the GATE ACC
TO ADDER and ADD CARRY lines, respectively.
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The positive pulse on the GATE ACC TO ADDER
line is applied to render the AND circuits 692 in FIG.
23H effective to pass the A +K(A —B) contents of the
accumulator 706 via the true complement circuit 694,
presently in the true condition, to the B side of the adder
696. The A+K(A—B) value in combination with the
ADD CARRY pulse, applied to the 7th stage of the
adder 696 permits the end around carry operation to be
performed in the adder 696 to obtain the true A+K-
(A —B) result, The now true form of the A+K(A-B)
value is passed via the AND circuits 700, conditioned
by the positive signal on the not ACC SHIFT line and
the OR circuits 704 to the accumulator 706. Referring
now to FIG. 24B, at T3/sample time, positive signals on
the A4+K(A—B), T3, CARRY SAVE OVFL, RES 1
NEG lines in combination with the SAMPLE pulse are
applied to render the AND circuit 769 effective to
apply a negative pulse to the OR circuit 773 which, in
turn, applies a positive pulse via the ACC CLOCK line
to the accumulator 706 in FIG. 23H to load the true
value of the A+K(A—B) value into the accumulator
which may then be taken as the RGL value for the scan
sample point.

A+K(A-—B) Mode; RES 1 POS; CARRY YES

In the case where the sharp A value is added to the
true form of the K(A—B) value and a carry results, it
indicates that the A+K(A—B) result is greater than
255. Consequently, since the RGL value cannot exceed
255, the contents of the accumulator must be corrected
to the maximum value by setting the accumulator to all
I’s. Accordingly, referring to FIG. 24A, at T2 time,
positive signals on the RES 1 POS, A+K(A—B) and
CARRY lines in combination with the T2 clock pulse
are applied to render the AND circuit 753 effective to
apply a negative pulse to the OR circuit 760 which, in
turn, applies a positive pulse to the inverter 760A where
itis inverted to a negative pulse and applied via the SET
ACC TO 1’s line to set the accumulator 706 in FIG.
23H to all I's which may then be taken as the RGL
value for the scan sample point.

A+K(A-B) Mode; RES 1 POS; CARRY NO

In the case where the sharp A value is added to the
true form of the K(A —B) value and no carry results, it
indicates that the content of the accumulator is a valid
result and may be taken as the RGL value for the scan
sample point.

A+K(A—B) Mode; ALL CASES

Referring to FIG. 24D, at T5 time, positive signals on
the A+K(A—B) and RES 4 lines in combination with
the T5 clock pulse are applied to render the AND cir-
cuit 794 effective to apply a negative pulse to the OR
circuit 797 which, in turn, applies a positive pulse to
inverter 798 where it is inverted to a negative pulse and
applied via the DATA STORE line to signal the Buffer
and Bus Control Unit 1100 to initiate a cycle of opera-
tion of the buffer to transfer the A +K(A —B) contents
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of the accumulator to the Buffer as the RGL value of 60

the scan sample point. Referring now to FIG. 23J, at
TS/sample time, positive signals on the A+K(A—B),
TS5 and RES 4 lines in combination with the SAMPLE
pulse are applied to render the AND circuit 736 effec-
tive to apply a negative pulse to reset the A+K(A—-B)
flip flop 740 thereby terminating the A+K(A-B)
mode of operation. The A+K(A —B) flip flop 740 in
being reset applies a positive signal via the not A+K-
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(A—B) line to the AND circuit 796 in FIG. 24D. Since
all mode flip flops are in a reset condition at this time,
then positive signals from the not output of the mode
flip flops are applied to condition the AND circuit 796
so that the next SAMPLE pulse renders the AND cir-
cuit 796 effective to apply a negative pulse via the
STOP CLOCK line to reset the CLK RUN latch 683 in

_FIG. 231. The CLK RUN latch 683 in being reset ap-

plies a negative signal from the upper output thereof to
decondition the single shot 685 from being fired to pro-
duce further clock pulses for the arithmetic unit. Refer-
ring now to FIG, 24D, it should be apparent that at the
end of A—B mode of operation, if the arithmetic unit
does not step to the A+(A—B) or K(A —B) mode of
operation, the conditions to render the AND circuit 796
will be met to produce the STOP CLOCK signal to
stop arithmetic unit clock. Likewise, at the end of the
A+(A—B) mode of operation the conditions to render
the AND circuit 796 will again be met to produce a
STOP CLOCK signal to stop the arithmetic unit clock.
Lastly, at the end of the K(A—B) mode of operation if
the arithmetic unit does not step to the A+K(A—-B)
mode of operation the conditions to render the AND
circuit 796 again be met to produce the STOP CLOCK
signal and stop the arithmetic unit clock. Referring now
to FIG. 23G, the negative pulse on the DATA STORE
line is applied to reset the GT X MAJ latch 676 which
was previously turned on to permit the X MAJ value in
the X MAJ register 614 in FIG. 23D to be transferred to
the Skip counter 522. The negative pulse on the DATA
STORE line is also applied to the inverter 660 in FIG.
23G where it is inverted to a positive pulse to turn on
the X MAJ/MIN flip flop 662. The X MAJ/MIN flip
flop 662 in being turned on applies a positive signal from
the upper output thereof and in combination with the
positive signal on the not GT SLIP line conditions the
AND circuit 674 in preparation for an X MIN step to
the next scan sample point.

Buffer-Write Operation (Load Scan Buffer Command)

Referring now to FIGS. 23B and 23C, the negative
pulse on DATA STORE line is applied to the OR cir-
cuit 1102 in the Buffer and Bus Control 1100 which, in
turn, applies a positive pulse to the inverter 1106 where
it is inverted to a negative pulse and applied to the OR
circuit 1112 and to turn on the S/F Mode latch 1110.
The OR circuit 1112 applies a positive pulse to fire the
single shot 1114 which in turn applies a positive start
clock signal to the clock ring counter 1118 which is
driven by the oscillator 1116 to produce a series of 8
clock pulses T0 to T7 during the buffer cycle. The S/F
mode latch 1110 in being turned on applies a positive
signal on the store line to condition the AND circuits
1120 and 1128 and to render the AND circuits 1140
effective to pass the RGL value of the scan sample
point, from the SCAN OUT BUS to the inputs of the
data register 1144. At T2 time of the buffer clock cycle,
the T2 clock pulse is applied to render the AND circuit
1128 effective to apply a negative pulse to the OR cir-
cuit 1129 which, in turn, applies a positive pulse on the
STROBE line to load the first RGL value into the data
register 1144. At T5 time of the buffer clock cycle, the
TS clock pulse is applied to render the AND circuit
1120, conditioned by the positive signal on the store
line, effective to apply a negative pulse to turn on the
W/R latch 1124 which, in being turned on, applies a
positive write signal to the buffer 1200 to allow the
RGL byte stored in the data register 1144 to be loaded
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via the DATA IN BUS into the Buffer 1200 at the
location designated by the buffer address register
counter 1132. At T6 time of the buffer clock cycle, the
T6 clock pulse is applied to fire the single shot 1126
which, in turn, applies a positive pulse to the BFR CYC
COMP line to signal the scanner/plotter control unit
that the buffer cycle has been completed. At T7 time of
the buffer clock cycle, the T7 clock pulse is applied to
step the BAR CTR 1132 to the next address and is also
applied to the inverter 1122 where it is inverted to a
negative pulse to reset the W/R latch 1124. In a similar
manner, after each RGL value is computed by the arith-
metic unit of the scanner/plotter control unit, the nega-
tive pulse on the DATA STORE line is applied to the
Buffer and Bus Control 1100 to initiate another cycle of
operation to load each computed RGL value in the next
location of the Buffer 1200.

Load Scan Buffer Command Operation - Sequence 0
Continued

Referring now to FIGS. 23D and 23E, and the timing
diagram of FIG. 25, it will be remembered that at the
start of the arithmetic computation of the RGL value
i.e. at (A—B)—T0 time, the X major value was loaded
into the Skip counter 522 and the Skip Counter=0 flip
flop 532 was reset. The SKIP CTR=0 flip flop 532 in
being reset applied a positive signal from the lower
output thereof to condition the AND circuit 514. At
(A—B)—T0—Sample time, the Skip counter 522 was
stepped to decrement the X major value by 1 and the
next following gated drum pulse and the succeeding
gated drum pulses are applied to render the now condi-
tioned AND circuit 514 effective to apply further nega-
tive step pulses to the Skip counter 522 to decrement the
counter down to 0 as the drum continues to rotate in the
X direction. When the Skip counter 522 decrements to
a count of 0, decoder 526 decodes this condition and
applies a positive signal on the SKIP CTR = 0 line,
indicating that the drum has moved the X major dis-
tance and is at the second scan sample point. Another
START CONVERT signal is produced, in a manner as
previously described, to initiate a second conversion to
generate a second sharp value signal A and unsharp
value signal B. Referring now to FIG. 23G, the positive
pulse on the START CONVERT line is applied to
render the AND circuit 674, now conditioned by posi-
tive signals on the X MIN and not GT SLIP lines,
effective to apply a negative pulse to turn on the GT X
MIN latch 678. The GT X MIN latch 678 in being
turned on applies a positive signal to render the AND
circuits 626 in FIG. 23D effective to pass the X minor
value in X MIN register 616 in FIG. 23F via the OR
circuits 518 in FIG. 23D to the inputs of the Skip
counter 522. At the end of the second conversion, the
computation of the second RGL value is initiated by the
arithmetic unit in a similar manner as that described
above. At (A—B)—TO time of the second arithmetic
computation cycle the X minor value is loaded into the
Skip counter 522. It will be apparent from the timing
diagram in FIG. 25 that at the end of each computation
of an RGL value the DATA STORE pulse is effective
to switch the X MAJ/MIN flip flop 662 in FIG. 23F
and alternately condition the AND circuits 672 and 674
for alternately initiating the gating of the X major value
followed by the X minor value so that succeeding scan
samples are taken at the proper points during the rota-
tion of the drum. Referring now to FIG. 23D, and the
timing diagram in FIG. 25, at the end of each A/D
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conversion and at the start of the computation of the
RGL value i.e. at (A —B)—T0—Sample time, the AND
circuit 520 is rendered effective to step the S/P byte
counter 524 and decrement the byte count by 1. When
the byte count is stepped to a count of 0, this condition
is decoded by the decoder 528 in FIG. 23E to apply a
positive signal via the BYTE CNT =0 line to the AND
circuit 410 and the inverter 533 where it is inverted to a
negative signal to decondition the AND circuit 534 and
thereby inhibit production of any further pulses on the
START CONVERT line. Referring now to FIG. 23A,
the next occurring drum pulse renders the AND circuit
312 effective to apply a negative pulse to the OR circuit
408 in FIG. 23E which in turn applies a positive pulse to
condition the AND circuits 410 and 414. The AND
circuit 410 conditioned by the positive signal on the
BYTE CNT=0 line is rendered effective to apply a
negative pulse to the inverter 411 where it is inverted to
a positive pulse and applied to the NORM END flip
flop 412. Since the arithmetic unit is presently comput-
ing the last RGL value, in the example illustrated in the
timing diagram of FIG. 25, a positive signal is main-
tained on the CLK RUN line to condition the flip flop
412 for being turned on so that when the positive pulse
is applied from the inverter 411 the NORM END f{lip
flop 412 is turned on. The NORM END flip flop 412 in
being turned on applies a positive signal to the AND
circuits 414 and 416. Accordingly, AND circuit 414 is
rendered effective to apply a negative pulse to the OR
circuit 323 in FIG. 23A: which, in turn, applies a posi-
tive pulse to the inverter 325 where it is inverted to a
negative pulse to turn off the INDEX flip flop 310. The
INDEX flip flop in being turned off applies a negative
signal from the upper output thereof to decondition the
AND circuits 311 and 312 to prevent any further drum
pulses or the index pulse from being gated. It should be
noted that in the case where no drum pulse occurs after
the byte count decrements to a count of 0 because the
maximum number of drum pulses has been produced,
this condition is detected by the decoder 316 which, in
turn, applies a positive signal to the AND circuit 315
which in combination with the positive signal from the
upper output of the INDEX flip flop 310 renders the
AND circuit 315 effective to apply a negative pulse via
the gated last pulse line to also initiate the turning on of
the NORM END flip flop 412. Now, returning to the
example in FIG. 25, the arithmetic unit continues to
compute the last RGL value at the end of which the
negative pulse on the DATA STORE line is effective to
signal the Buffer and Bus Control 1100 to initiate the
last cycle of operation of the Buffer 1200 to load the last
RGL value in the Buffer 1200. At T6 time of the buffer
clock cycle, a positive pulse on the BFR CYC COMP
line is applied to render the AND circuit 416 effective
to apply a negative pulse via the END § line to the OR
circuit 420 which, in turn, applies a positive pulse to fire
the single shot 422, previously conditioned by the posi-
tive signal on the ANY OP line which was produced by
the negative signal on the not scan mode line at the start
of the Scan operation and applied to the OR circuit 418
which applied the positive signal on the ANY OP line.
The negative pulse on the END S/P line is applied to
reset the NORM END flip flop 412, to step the se-
quence counter 640 in FIG. 23F to SEQ 1 and to reset
the SCAN flip flop 402 in FIG. 23D to end the scan
mode of operation and via the COMMON CONTROL
BUS to signal COMMON CTRL 1000 of the end of the
Seq. 0 scan operation. COMMON CTRL 1000, in re-
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sponse to the END S/P signal, is effective to transmit a
device end signal to the data processor to indicate that
the execution of the load scan buffer command has been
completed. COMMON CTRL 1000 then applies a posi-
tive pulse via the COMMON CONTROL BUS and the
STAT RES DE line to the Y control in FIG. 23K to
initiate movement of the head assembly for the next
scan line operation. S

Y Control - Scan Operation

Referring now to FIG. 23K, it will be remembered
that the Y MAJ/MIN flip flop 818 was turned on by the
positive pulse on the start S/P line to apply a positive
signal via the Y MIN line to render AND circuits 816
effective to pass the Y minor value from the Y MIN
register 808 to the inputs of the Y counter 820. Accord-
ingly, and in conjunction with the timing diagram in
FIG. 32, the positive pulse on the STAT RES DE line
is applied to the AND circuit 810 which is conditioned
by positive signals on the SCAN MODE SW and LD
SB lines. Accordingly, the AND circuit 810 is rendered
effective to apply a negative pulse to the OR circuit 815
and to the inverter 811 where it is inverted to a positive
pulse and applied to the load line of the Y CTR 820. As
a result, the Y minor value is loaded into the Y CTR
820. At the same time, the OR circuit 815 produces a
positive pulse, the negative trailing edge of which is
applied to turn on the SCAN/PLOT flip flop 828, the
STEP CTRL flip flop 832 and to reset the CTR CTRL
flip flop 836. The STEP CTRL flip flop 832 in being
turned on applies a positive signal via the START SET
line to the Y MOTOR CONTROL 840 which in turn
signals the Y step motor 18 to initiate movement of the
head assembly in the Y direction. As previously de-
scribed, the Y stepping motor-lead screw combination
provides step increments of 0.275 mils per step in the Y
direction with two steps being taken for each Y incre-
ment. Accordingly, for -each Y increment Y MOTOR
CTRL 840 applies two positive pulses to the STEP
HEAD line, the first of which is applied via inverter 835
to the clock input of the CTR CTRL flip flop 836. Since
the'CTR CTRL flip flop 836 is initially in a reset state,
a positive signal from the lower output thereof condi-
tions the flip flop for being turned on so that at the
occurrance of the first pulse on the STEP HEAD line,
the positive trailing edge of the negative pulse from the
inverter 835 is effective to turn on the CTR CTRL flip
flop 836 and apply a positive signal from the upper
output thereof to condition the AND circuit $24. The
second positive pulse on the STEP HEAD line is ap-
plied to render the AND circuit 824 effective to apply
a negative pulse to the inverter 825 where it is inverted
to a positive pulse, the trailing edge of which is effective
via the STEP Y CTR line to step the Y CTR 820 and
thereby decrement the Y minor value by 1. The CTR
CTRL flip flop 836, presently being on, applies a nega-
tive signal from the lower output thereof to condition
the flip flop 836 for being turned off. Accordingly, at
the end of the second positive pulse on the STEP
HEAD line, the positive trailing edge of the negative
pulse from the inverter 835 is effective to turn off the
CTR CTRL flip flop 836. The CTR CTRL flip flop 836
in being turned off applies a negative signal from the
upper output thereof to decondition the AND circuit
824. Therefore, it will be apparent that the CTR CTRL
flip flop 836 is switched on and off at the end of every
positive pulse on the STEP HEAD line and the AND
circuit 824 is rendered effective by every second posi-

10

20

25

35

45

50

55

60

65

50

tive pulse applied to the STEP HEAD line to decre-
ment the Y CTR 820. When the Y CTR 820 steps to a
count equal to 1, decoder 822 detects this condition and
applies a positive signal to the AND circuit 826. At the
end of the next positive pulse applied to the STEP
HEAD line, the CTR CTRL flip flop 836 is turned on,
which in being turned on applies a positive signal to
condition the AND circuit 824 and 826. Upon the oc-
currance of the last positive pulse on the STEP HEAD
line, the AND circuit 826 is rendered effective to apply
a negative pulse to the inverter 830 where it is inverted
to a positive pulse on the END HD STEP line. The
positive pulse on the END HD STEP line in combina-
tion with the positive signal from the output of the
SCAN/PLOT flip flop 828 renders the AND circuit
838 effective to apply a negative pulse via the HEAD
STOPPED line to signal COMMON CTRL 1000 via
the COMMON CONTROL BUS. At the negative trail-
ing edge of the positive pulse on the END HD STEP
line, the SCAN/PLOT flip flop 828 and STEP CTRL
flip flop 832 are reset. The STEP CTRL flip flop 832 in
being rest applies a negative signal via the START
STEP line to signal the Y MOTOR CTRL 8490 to stop
the Y STEP MOTOR 18. At the same time, the trailing
edge of the positive pulse from the invention 825 pro-
duced by the last positive pulse on the STEP HEAD
line via the conditioned AND circuit 824 is applied via
the STEP Y CTR line to step the Y CTR 820 and decre-
ment the Y minor value to a count of 0.

Read Buffer Command Operation

After the end of the execution of the load scan buffer
command and while the head assembly is moving in the
Y direction, the data processor transmits a read buffer
command, as shown in FIG. 20, to the scanner/plotter
control unit. Referring to FIGS. 23B and 23C, common
control 1000 decodes the command and applies a posi-
tive signal on the R CMD line to condition the AND
circuit 1162 in the Buffer and Bus Control 1100. Fol-
lowing this, common control 1000 applies a negative
pulse via the RESET BAR line to reset the BAR CTR
1132 followed by a negative pulse on the RD line which
is applied to the OR circuit 104 in the Buffer and Bus
Control 1100 to initiate a cycle of operation of the
Buffer 1200 to read out the first RGL value for trans-
mission to the data processor.

Buffer-Read Operation (Read Buffer Command)

The W/R latch ‘1124 remains in a reset condition
during the entire buffer cycle and, accordingly, main-
tains a negative signal on the W/R line to allow the
contents of an addressed location to be maintained on
the DATA OUT BUS. The OR circuit 1104 in response
to the negative pulse on the RD line applies a positive
pulse to the inverter 1108 where it is inverted to a nega-
tive pulse which is applied to the OR circuit 1112
which, in turn, applies a positive pulse, the negative
trailing edge of which is effective, to fire the single shot
1114 to apply a positive start clock signal to the clock
ring counter 1118 which is driven by the oscillator 1116
to produce the series of 8 clock pulses during the buffer
cycle. The negative pulse from the inverter 1108 is also
applied to reset the S/F mode latch 1110 which, in
being reset, applies a positive signal on the fetch line to
condition the AND circuit 1130 and to render the AND
circuits 1136 effective to pass the contents of the 0 loca-
tion of the buffer, i.e. the first RGL value byte, from the
DATA OUT BUS to the input of the data register 1144,
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At T6 time of the buffer clock cycle, the T6 clock pulse
is applied to render the AND circuit 1130, conditioned
by the positive signal on the fetch line, effective to
apply a negative pulse to the OR circuit 1129 which, in
turn, applies a positive pulse on the STROBE line to
load the first RGL value into the data register 1144, The

output of the data register 1144, i.. the first RGL value

byte, is passed via a normal path including AND cir-

cuits 1150 or a mirror path consisting of AND circuits

1148 and permutation box 1152, depending on the set-
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_OR circuit 418 in FIG. 23E which, in turn, applies a

positive signal on the ANY OP line to condition the
END S/P single shot 422. Referring now to FIG. 23G,
the GT SLIP flip flop 670, GT X MAJ latch 676 and
GT X MIN latch 678 are all initially in the reset state,
and consequently, apply negative signals from their
upper outputs to decondition the AND circuits 628 in
FIG. 23F and the AND circuits 624 and 626 in FIG.

" 23B, respectively, to block the output of the X MAJ

ting of the M/N switch in FIG, 23D, to the OR circuits '

1156 and AND circuits 1162, conditioned by the posi-
tive signal on the RD CMD line, to the OUT BUS via
Common Control 1000 to the Data Processor. At T7
time of the Buffer cycle, the T7 clock pulse is applied to
step the BAR CTR to provide the address for the next
location in the Buffer 1200 from which the next RGL
value byte is to be read. The T7 clock pulse is also
applied to inverter 1122 where it is inverted to a nega-
tive pulse to maintain the W/R latch 1124 in the read
mode. In a similar manner, common control 10600 pro-
duces a series of negative pulses on the RD line to signal
the Buffer and Bus Control 1100 to initiate a series of
Buffer cycles to completely unload the Buffer 1200 and
apply the record block of RGL bytes scanned during
the first scan line via the DATA OUT BUS to the
Buffer and Bus Control 1100 and via the OUT BUS to
common control 1000 where it is then passed via the
channel bus to the data processor. When the Buffer
1200 is completely unloaded, the buffer address register
counter 1132 is standing at the maximum count of 7755
which condition is decoded by decoder 1134 to apply a
positive signal via the BFR END line to common con-
trol 1000. At common control 1000 the buffer end signal
is effective to cause the channel end and device end
signals to be transmitted to the data processor to indi-
cate that the execution of the read buffer command has
been completed.

Load Scan Buffer Command Operation - Sequence 1

The data processor transmits a second load scan
buffer command to the scanner/plotter control unit.
Common control 1000 decodes the command, as before,
and transmits a channel end signal to the data processor
to indicate the initial selection sequence is completed. If
the head assembly is still moving in an axial direction,
the execution of the command does not proceed until
such time as the head stopped signal is received from
the Y: control. When the head stopped signal is re-
ceived, common control 1000 then proceeds to issue a
positive pulse via the common control bus to the start
S/P control line in FIG. 23D. '

The operation of the scanner/plotter control unit can
now be followed in conjunction with the timing dia-
gram shown in FIG. 26 which illustrates the example of
the scan operation during SEQ 1 where the reproduc-
tion parameters again have the values: Skip=2, X
MAJ=7, X MIN=3, Slip=4 and Byte Count=4. The
positive control pulse on the S/P control line is applied
to the scan flip flop 402 in FIG. 23D which is condi-
tioned by the mode switch in FIG. 23 being positioned
for the scan mode operation. Accordingly, the scan flip
flop 402 is turned on to apply a positive signal to the
scan mode line and a negative signal to the not scan
mode line. The positive signal on the scan mode line is
applied to condition the AND circuit 302 in FIG. 32A
in preparation for receiving the INDEX pulse while the
negative signal on the not scan mode line is applied to
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.register 614, X MIN register 616 and X SLIP register

618 from being transferred to the Skip counter 522.
However, referring to FIG. 23A, the INDEX flip flop
310 in being initially in a reset state applies a positive
signal on the not index line in FIG. 23D to render the
AND circuits 511 effective to pass the X Skip value in
register 510 via the OR circuits 518 to the inputs of the
Skip counter 522. Accordingly, the positive pulse on
the start S/P control line is applied to the inverter 515
where it is inverted to a negative puise and applied to
the OR circuit 516 which, in turn, applies a positive load
signal to the Skip counter 522 to load the X Skip value
from the skip register 510 into the Skip counter 522. As
a result of loading the X Skip value in the Skip counter
522, decoder 526 in FIG. 23E decodes the fact that a 0
value is no longer contained in the Skip counter and a
negative signal is applied and maintained on SKIP
CTR =0 line until the Skip counter 522 is decremented
to 0.

The operation of the scanner/plotter control unit
during this sequence is identical to that in the previous
sequence in so far as loading the X Skip value from the"
skip register 510 in FIG. 23D to the Skip counter 522
and for loading the byte count in the S/P byte count
register 512 to the S/P byte counter 524 in response to
the positive pulse on the start S/P line.

It will be remembered that at the end of the. SEQ 0
operation, a positive pulse on the END S/P line was
applied in FIG. 23F to step the SEQ counter 640 to a
count -of 1 which condition is decoded by decoder 650
to apply a positive signal via the Seq. 1 or 2 line to
condition the AND circuits 654 and 658. Accordingly,
the positive pulse on the start S/P line is also applied to
render the AND circuit 654 effective to apply a nega-
tive pulse to turn on X MAJ/MIN flip flop 662 which
in being turned on applies a positive signal via the X
MIN line to one input of the AND circuit 674. The
positive pulse on the start S/P line is also applied to
render the AND circuit 658 effective to apply a nega-
tive pulse to turn on the GT SLIP flip flop 670 which in
being turned on applies a positive signal via the GT
SLIP line to condition the AND circuits 628 for passing
the X SLIP value from register 618 via the OR circuit
518 in FIG. 23D to the inputs of the Skip counter 522.
Referring now to FIG. 23K, the Y MAJ/MIN flip flop
818 was turned on during the SEQ 0 operation and,
therefore, when the start S/P pulse is now produced it
causes the flip flop 818 to be turned off which, in being
turned off, applies a positive signal from the lower out-
put thereof via the Y MAJ line to condition the AND
circuits 812 for passing the Y major value in register 806
to the inputs of the Y counter 820.

Following this, the scanner/plotter control unit pro-
ceeds in the same manner as described in the SEQ 0
operation to sense the index pulse, turn on the index flip
flop 310 in FIG. 23A and initiate production of the
gated index pulse followed by the gated drum pulses.
The positive pulse on the gated index pulse line is ap-
plied to render the AND circuit 658 in FIG. 23F effec-
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tive to apply a negative pulse to turn on the GT SLIP
flip flop 670 which in being turned on applies a positive
signal to the GT SLIP line and a negative signal on the
not GT SLIP line. The positive signal on the GT SLIP
line is applied to render the AND circuits 628 effective
for transferring the X slip value in register 618 via the
OR circuits 518 in FIG. 23D to the inputs of the Skip
counter 522. At the same time, the negative signal on
the not GT SLIP line is applied to decondition the
AND circuit and prevent the positive pulse produced
on the START CONVERT line from rendering the
AND circuit 674 effective to turn on the GT X MIN
latch 678. Accordingly, a negative signal is maintained
via the upper output of the GT X MIN latch 678 to
decondition the AND circuits 626 in FIG. 23D from
passing the X minor value from the register 616 to the
Skip counter 522. Since the X skip value is presently in
the Skip counter 522 the decoder 526 in FIG. 23E main-
tains a negative signal on the SKIP CTR =0 line. Ac-
cordingly, the SKIP CTR =0 flip flop 532 is maintained
off and the AND circuit 514 in FIG. 23D is conditioned
to pass the gated drum pulses to step the Skip counter
522 and decrement the X skip value by 1 for each step
pulse. When the X Skip value in the Skip counter 522 is
decremented to a count of 0, this condition is decoded
by decoder 526 in FIG. 23E and the AND circuit 534 is
rendered effective, in a manner previously described, to
cause a positive pulse to be applied to START CON-
VERT line. The positive pulse on the START CON-
VERT line is applied to the A/D converters to initiate
the generation of digital sharp value A and unsharp
value B signals corresponding to the sample point pres-
ently being scanned. When the A/D conversion is com-
plete, a positive pulse is again applied to the END
CONVERT line to initiate operation of the arithmetic
unit in a manner previously described. At (A—B)—-T0
time of the computation cycle, a positive pulse is ap-
plied via the (A —B)—T0 line and the OR circuit 516 in
FIG. 23D to load the X SLIP value from register 618
into the Skip counter 522. Referring now to FIG. 231, at
T2 time of the computation cycle, the negative signal on
the not GT SLIP line is inverted by inverter 715A to a
positive signal which in combination with the positive
signal from the upper output of the A—B flip flop 716
and the T2 clock pulse renders the AND circuit 712A
effective to apply a negative pulse via the OR circuit
T13A and inverter 714A to reset the A—B flip flop 716
and thereby abort the computation cycle. The negative
signal on the not GT SLIP line is also applied to decon-
dition the AND circuit 723 so that the T2 clock pulse is
ineffective to be passed to turn on the RES 1=0 flip
flop 736 in the situation where the sharpness factor
K=0,

Referring now to FIG. 23G, at T3 time, the T3 clock
pulse is effective to reset the GT SLIP flip flop 670. The
GT SLIP flip flop 670 in being reset applies a negative
signal from the upper output thereof to decondition the
AND circuit 628 in FIG. 23F to inhibit the transfer path
of the X slip value from the SLIP register 618 to the
Skip counter 522 in FIG. 23D. Additionally, the GT
SLIP flip flop 670 in best reset applies a positive signal
from the lower output thereof to condition the AND
circuit 674 so that upon the occurrance of the next
positive pulse on the START CONVERT line the GT
X MIN latch 678 will be turned on to apply a positive
signal to condition the AND circuits 626 to pass the X
minor value from the X MIN register 616 via the OR
circuit 518 to the inputs of the Skip counter 522.
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Referring now to FIG. 23D, as the drum continues to
rotate, the gated drum pulses are again applied via
AND circuit 514 to step the Skip counter and thereby
decrement the X SLIP value until the X SLIP is decre-
mented to a 0 value to initiate production of the next
positive pulse on the START CONVERT line, in a
manner as previously described, this being the first scan
sample position for the second scan line. It should be
noted that this first scan sample position of scan line 2 is
offset from the first scan sample position of scan line 1
by the X slip value as shown in FIG. 10.

From this point, the operation the scanner/plotter
control unit is similar as that described in connection
with SEQ 0 except that the first scan sample is taken at
the end of the X slip distance followed by scan samples
taken at X Minor, X Major, X Minor, X Major etc.
distances along the document and can be followed by
referring to the timing diagram in FIG. 26. At the end
of the sequence 1 scan operation, a negative pulse is
applied via the END S/P line to step the sequence
counter 640 in FIG. 23F to SEQ 2 and via the common
control bus to common control 1000 which, in turn,
transmits a device end signal to the data processor to
indicate that the execution of the second load scan
buffer command has been completed. At the same time,
common control 1000 applies a positive pulse via the
common control bus to the STAT RES DE line in FIG.
23K.

It will be remembered that the positive pulse on the
start S/P line, at the start of the load scan buffer com-
mand execution, was effective to turn off the X MAJ/-
MIN flip flop 818 which, in being turned off, applied a
positive signal to condition the AND circuit 812 for
passing the Y major value from the Y MAJ register 806
to the input of the Y counter 820. Accordingly, when
the positive pulse is applied to the STAT RES DE line,
it is effective via AND circuits 810 and inverter 811 to
produce a load signal to load the Y major value into the
Y counter 820 in preparation for stepping the head
assembly axially in the Y direction in accordance with
the Y major value prior to the next revolution of the
drum when the third scan line of the document is to be
sampled. The operation of the Y control in FIG. 23K is
similar to that previously described in connection with
the SEQ 0 operation except that the head assembly is
now moved a Y major value rather than a Y minor
value.

2nd Read Buffer Command Operations

At the end of the execution of the second load scan
buffer command and while the head assembly is moving
in the Y direction, the data processor transmits another
read buffer command to the scanner/plotter control
unit. This command is executed, in a manner as previ-
ously described, to unload the buffer 1200 and transmit
the record block of RGL bytes scanned during the
second scan line to the data processor.

Sequence 2 and 3 Operations

Referring now to FIG. 10, it can be seen that the third
scan line, which is a SEQ 2 operation, is performed in
the same manner as that in the SEQ 1 operation for the
second scan line and that the fourth scan line, which is
a SEQ 3 operation, is performed in the same manner as
that for the first scan line. Thus, by successive load scan
buffer and read buffer commands, successive scan line
operations for the document are performed in which
scan samples are taken along the scan lines with each
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successive record block of RGL values being loaded in
the buffer of the scanner/plotter control unit and then
read to the data processor while the head assembly is
moving in an axial direction in preparation for the suc-
ceeding scan line. The scanning job, therefore, is per-
formed by a series of successive groups of 4 scan lines
corresponding to the 4 sequences and can be followed
by referring to the timing diagrams in FIGS. 25 and 26.

Control Drum Stop Command Operation

When the number of scan lines required to scan the
entire document is completed, the data processor trans-
mits a control drum stop command, as shown in FIG.
21, to the scanner/plotter control unit in order to stop
the operation of the drum. Common control 1000 de-
codes the command and transmits a channel end signal
to the data processor to indicate that the initial selection
sequence is completed. Common control 1000 then
applies a positive pulse via the common control bus and
the STOP DRUM line in FIGS. 23D and 23A to the
inverter 317 where it is inverted to a negative pulse to
reset the START DRUM flip flop 319. The START
DRUM flip flop 319 in being reset applies a negative
pulse to reset the DRUM RDY flip flop 322 and to
signal the drum motor control to stop the drum. The
DRUM RDY flip flop 322 in being reset applies a nega-
tive signal via the DRUM RDY line in FIGS. 23A, 23E
and 23D and via the common control bus to signal
common control 1000 to indicate that the drum is no
longer in a ready condition. This effectively ends the
scan operation.

Detailed Descripﬁon of Scan Data Processing

At the data processing system, the resultant gray
level values received from the scanner/plotter control
unit are converted to halftone number values in accor-
dance with a given scan document. FIG. 11 illustrates
the relationship of the gray level values to halftone
number values for different given scan documents. Re-
ferring to FIG. 27, this conversion may be accom-
plished by a straight forward table look up technique in
which the halftone numbers for the given scan docu-
ments are stored in a series of tables. At initial set up
time, the operator in examining a given scan document
will determine which table produces the best output for
the given document and enter an address number into
the base address register corresponding to the base
address of the desired table. The table look up operation
then proceeds to combine the RGL sample list with the
base address in the adder to read out halftone number
values for the selected table and create a halftone num-
ber list corresponding to the RGL sample list. The
halftone number list may be retained in the data process-
ing storage or stored in an auxiliary storage such as a
magnetic tape, disk etc. until such time as the structur-
ing of halftone plot data is to be performed.

Referring now to FIG. 28, data processing logic is
shown for receiving the quadrant halftone number list,
extracting binary plot pattern data for each received
quadrant halftone number value, formatting it with
adjacent cell binary plot pattern data to provide a
meshed cell binary data configuration in a buffer stor-
age. The assembled pattern data is then added into main
storage, a record block of byte data at a time, the start-
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a write command for the plotting operation. When a
plot operation is called for and the scanner/plotter con-
trol unit is set up, the data processor then proceeds to
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transmit the assembled plot data in a data record byte
form to the scanner/plotter control unit for plotting.

Write Operation

At the start of the write operation a system reset is
applied to reset all counters and registers in preparation
for the write operation. The write operation can be
followed in conjunction with the timing diagrams in
FIGS. 29 and 30. Referring now to FIG. 28D, a write
pulse is applied to turn on write flip flop 1401 producing
a positive signal on the WR line indicating a write oper-
ation is to be performed. Following this, a control signal
is applied to the load halftone counter line and via the
OR circuit 1402 renders the AND circuit 1404 effective
to pass a preset value in register 1403 to the halftone
counter 1405, the value in the register 1403 correspond-
ing to the number of scan samples taken in a scan line of
the document to be processed. Referring now to FIG.
28A, the positive signal on the WR line is applied as one
input to the AND circuits 1412 to 1419 of a sequencer.
Second inputs to the AND circuits 1412 to 1419 are
connected to the REV outputs of the revolution
counter 1472 shown in FIG. 28E. The revolution
counter 1472 operates as a four stage ring counter dur-
ing a write operation and by contrdlling the intercou-
pling between stage 3 and stage 4 operates as a 5 stage
ring counter during a read operation. The revolution
counter 1472 is initially reset such that the first stage is
turned on while the remaining stages are turned off
producing a positive signal on the REV 0 line and nega-
tive signals on REV 1, REV 2, REV 3, and REV 4
lines. Accordingly, the AND circuits 1412 and 1413 of
the sequencer are conditioned while all the remaining
AND circuits are deconditioned. At this point, the half-
tone number list is called for and the first quadrant -
halftone number is applied to AND circuit 1407 and a
positive control signal pulse is applied to the load half-
tone number line to render the AND circuit 1407 effec-
tive to load the first quadrant halftone number into
register 1409. The positive control pulse on the load
halftone number line is inverted by inverter 1408 and
applied to turn on the sequence flip flop 1411 which in
being turned on renders the Q4 AND circuit 1412 effec-
tive to pass a signal via the Q4 OR circuit 1420 to condi-
tion the AND circuits 1426 of the Q4 pattern selector
1424A. At the same time the Q4 halftone number stored
in the register 1409 is decoded by decoder 1410 to apply
a positive signal to one of the 50 output lines of the
decoder. The positive signal on the decoded output line
is applied to an OR circuit 1425 of the Q4 pattern selec-
tor 1424A in accordance with the decoded halftone
number value and via a corresponding conditioned
AND circuit 1426 and OR circuit 1427 to condition one
of fourteen groups of six AND circuits e.g. 1435 in
decoder 1434. It should be noted that the halftone num-
ber list is provided in Q4, Q3, Q4, Q3. . ., Q1, Q2, Qi,
Q2...,Q3,0Q4,Q3 Q4....and Q2 Q1, Q2, Q1 se-
quence corresponding to each successive four scan
lines. Accordingly, it will be apparent that during REV
0 as a set of halftone numbers is received, the sequence
flip flop 1411 is switched on and off to permit AND
circuits 1412 and 1413 to provide the alternate Q4 and
Q3 sequence. In a similar manner, during REV 1, REV
2 and REV 3 as each set of halftone numbers is re-
ceived, sequence flip flop 1411 is switched on and off to
respectively control AND circuits 1414 and 1415 to
provide the alternate Q1 and Q2 sequence, AND cir-
cuits 1416 and 1417 to provide the alternate Q3 and Q4
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sequence and AND circuits 1418 and 1419 to provide
the Q2 and Q1 sequence. As the quadrant of the half-
tone number is identified, it is used to select one of the
four pattern selectors 1424 for operation in selecting a
quadrant pattern from the read only storage (ROS)
pattern table 1436.

5

Referring now to FIG. 12, it will be observed that the

Q4 quadrant of the halftone cell has 13 different as-
signed values ranging from the value 3 to the value 49.
It was previously indicated that for a different quadrant
all bit positions in that quadrant having assigned values
that are equal to or less than the halftone number value
are designated as a 1 bit. Accordingly, if the halftone
number value equals 1 or 2, the entire quadrant will
consist of 0 bits; if the halftone number value equals 3, 4,
5 or 6 then the assigned value 3 position will contain a
1 bit and all other positions within the quadrant will
contain 0 bits; if the halftone number value equals 7, 8,
9 or 10 then the assigned value 3 and 7 positions will
contain 1 bits and all other positions within the quadrant
will contain 0 bits, etc. Thus it should be apparent that
there are 13 different possible Q4 plot patterns corre-
sponding to the 13 different assigned values of the Q4
quadrant and one additional all 0 bit plot pattern corre-
sponding to halftone numbers having values less than
the lowest assigned value for the quadrant. Similarly, it
should be apparent that there are 12 different possible
Q3 plot patterns, 13 different possible Q2 plot patterns,
and 12 different possible Q1 plot patterns cotresponding
to the different assigned values of the Q3, Q2 and Q1
quadrant plus one additional all O bit plot pattern for
each of the Q3 and Q2 quadrants. Referring now to
FIGS. 28A, 28B and 28C, it should be apparent that the
sequencer will designate the quadrant of the halftone
numbers being processed to select the appropriate pat-
tern selector 1424 which, in response to the decoded
halftone number, will be used to select an appropriate
quadrant pattern from the ROS pattern table 1436.

At the same. time that the quadrant pattern is being
selected, the negative control pulse from the inverter
1408 is applied via the OR circuit 1429 to the ROS
counter 1432. The ROS counter 1432 is initially reset
such that stage 6 is set on while stages 0 to 5 are turned
off. Accordingly, a positive signal from stage 6 together
with a positive signal on the WR line renders the AND
circuit 1430 effective to apply a conditioning signal via
inverter 1431 to condition stage 0 of the ROS counter
1432. Therefore, the positive control signal from the
OR circuit 1429 is effective to turn on stage 0 and to
turn off stage 6 of the ROS counter. Stage 0 in being
turned on applies a negative signal to the inverter
1433A where it is inverted to a positive signal and ap-
plied to the first AND circuit e.g. 1435A of the group of
six conditioned AND circuits selected by the pattern
selector. The first AND circuit is rendered effective to
apply a signal to read out a line of binary pattern data
from the ROS Table 1436 to the read out AND circuits
1448. Since a positive signal is presently maintained on
the Q4 line and negative signals are maintained on the
Q3, Q2 and Q1 lines from the sequencer, only AND
circuits 1448A are effective to pass the first 5 bit byte of
binary pattern data of the selected quadrant via the OR
circuits 1449 and inverters 1495 to load the register 1496
in FIG. 28G with the first 5 bit byte of binary pattern
data for the Q4 quadrant in accordance with the half-
tone number value being processed.

Referring now to FIGS. 28A, 28B and 28C, the nega-
tive control signal from the inverter 1408 is passed via
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the OR circuit 1441 and the inverter 1442A to turn on
the buffer flip flop 1443 which is being turned on applies
a negative signal via OR circuit 1444 to render a gated
oscillator 1445 effective to produce a series of oscillator
pulses which are applied to the buffer clock 1447. The
buffer clock 1447 is a five stage ring counter which is
initially reset such that stages 0 to 4 are turned off with
the off sides of each stage being combined to condition
stage O for operation. Accordingly, succeeding pulses
from the oscillator 1445 are applied to step the clock
1447 from stage O through stage 4 producing successive
TO, T1, T2, T3 and T4 positive pulses for each buffer
cycle.

Buffer 1478 consists of 8 buffer storage units, each
having 7755 addressable locations for storing 5 bit
bytes. Buffer addressing is provided by an address
counter 1462 shown in FIG. 28D which together with
the decoder 1463 provides 7755 address drive lines for
the buffer 1478. Referring now to FIGS. 28F and 28G,
buffer unit selector 1479 is provided for uniquely select-
ing individual buffer units 1478A to 1478H during a
buffer write operation and for simultaneously selecting
all buffer units during a buffer read operation. During a
buffer write operation, buffer unit selector 1479 is con-
trolled in accordance with the states of the revolution
counter 1472 and sequence counter 1477 shown in
FIGS. 28E and 28F. The REV 0 and REV 1 output
lines of the revolution counter 1472 are connected via
inverters 1473A and 1474A, respectively, OR circuit
1475A, and REV 0/1 line to AND circuits 1480A,
1480C, 1480E and 1480G of the buffer unit selector
1479. The REV 2 and REV 3 output lines of revolution
counter 1472 are connected via inverters 1473B and
1474B, respectively, OR circuit 1475B, and REV 2/3
line to AND circuits 1480B, 1480D, 1480F and 1480H
of the buffer unit selector 1479. The SEQ 0, SEQ 1,
SEQ 2 and SEQ 3 output lines of the sequence counter
1477 are connected to successive pairs of AND circuits
1480A and 1480B, 1480C and 1480D, 1480E and 1480F
and 1480G and 1480H, respectively. With this arrange-
ment it will be apparent that during a buffer write oper-
ation, AND circuit 1480A is rendered effective during
revolution 0 and revolution 1 of sequence 0 to apply a
signal via OR circuit 1483A and select buffer unit 1 line
to uniquely select buffer unit 1478A for operation while

-all remaining buffer units remain unselected. During

revolution 0, successive Q4 and Q3 pattern data is
loaded into buffer storage unit 1478A while during
revolution 1, successive Q1 and Q2 pattern data is
loaded into buffer storage unit 1478A and meshed with
previously loaded Q4 and Q3 pattern data. Similarly,
AND circuit 1480B is rendered effective during revolu-
tion 2 and revolution 3 of sequence 0 to apply a signal
via OR circuit 1483B and select buffer unit 2 line to
uniquely select the buffer unit 1478D for operation.
During revolution 2, successive Q3 and Q4 pattern data
is loaded into buffer storage unit 1478B while during
revolution 3 successive Q2 and Q1 pattern data is
loaded into buffer storage unit 1478B and meshed with
previously loaded Q3 and Q4 pattern data. In similar
fashion, each succeeding buffer storage unit is selected
in accordance with the states of the revolution counter
1472 and sequerice counter 1477 to properly mesh the
quadrant pattern data into the buffer 1478. During a
buffer read operation, buffer unit selector 1479 is con-
trolled in accordance with the states of *he revolution
counter 1472. The REV 0, REV 1, REV 2, REV 3 and
REV 4 output lines of the revolution counter 1472 are
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connected via OR circuit 1481 to the AND circuit 1482.
Accordingly, during a read operation AND circuit
1482 is effective to apply a signal via all of the OR
circuits 1483 to simultaneously select all buffer units
thereby permitting a full line of buffer pattern data to be
read out of the buffer 1478. This will permit an 8 bit
band of pattern plot data to be selected preparatory to
performing a plot operation as will be described in
greater detail hereafter.

Associated with the buffer 1478 are a set of write
input registers 1502, a set of output registers 1489, a set
of write output AND circuits 1492 and associated OR
circuits 1494 and a set of read output AND circuits 1524
and associated OR circuits 1526. A W/K latch 1531 is
also provided which in its OFF state conditions the
buffer 1478 for read out and in its ON state conditions
the buffer 1478 for write in. At the start of write opera-
tion, the revolution counter 1472 is reset to state REV 0,
the sequence counter 1477 is reset to state SEQ 0, the
address counter 1462 is reset to address 0 and the W/R
latch 1530 is reset applying a negative signal to condi-
tion all buffer units for read out. However, buffer unit
selector 1479 under control of the REV 0 and SEQ 0
states of the revolution counter 1472 and sequence
counter 1477, respectively, is effective to select buffer
unit 1478A for operation. The reset state of the address
counter 1462 is decoded by decoder 1463 to apply a
signal to the address O drive line to cause a 5 bit byte of
data, presently all zeros, to be read out of location 0 of
the selected buffer unit 1478A. Referring now to FIGS.
281 and 28J, the positive signal on the WR line is in-
verted by inverter 1484 and passed via the OR circuit
1486 to condition the AND circuit 1487. At TO0 time of
the buffer clock cycle, the T0 clock pulse is passed via
the now conditioned AND circuit 1487 and inverter
1488 to load the 5 bit byte of data read out from the
addressed location of the selected buffer unit 1478A to
the register 1489A. The positive signal on the WR line
is also applied to condition the AND circuit 1490 such
that-at T1 time of the buffer clock cycle, the T1 clock
pulse is passed via the conditioned AND circuit 1490
and inverter 1491 to the gates 1492. As a result, the 5 bit
byte of data presently stored in register 1489A is gated
via the AND circuits 1492A and the OR circuits 1492
and inverters 1497 in FIG. 28F and loaded into register
1498. The 5 bit byte of pattern data read out from the
pattern table 1436 presently stored in register 1496 and
the 5 bit byte of data, presently all zeros, read out from
the selected buffer storage unit 1478A and presently
stored in register 1498 are meshed by OR circuits 1499
to provide a 5 bit byte of meshed pattern data which is
applied via inverters 1499A to the write input registers
1502. Referring now to FIG. 28G, the positive signal on
the WR line is applied to condition the AND circuit
1500. At T2 time of the buffer clock cycle, the T2 clock
pulse is passed via the now conditioned AND circuit
1500 and inverter 1501 to apply a gating signal to load
the meshed pattern into the write input registers 1502.
The positive signal on the WR line is also applied to

“condition the AND circuit 1528. At T3 time of the
buffer clock cycle, the T3 clock pulse is passed via the
now conditioned AND circuit 1528 to turn on the W/R
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write signal to the buffer units. Since only buffer unit
1478A has been selected for operation by the buffer unit
selector 1479, the 5 bit byte of meshed pattern data in
write input register 1502A is loaded back into location
0 of the buffer unit 1478A. The positive signal on the
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WR line is also applied to condition AND circuit 1530
so that at T4 time of the buffer clock cycle, and AND
circuit 1530 is rendered effective to produce a negative
pulse. The leading edge of this negative pulse is applied
to reset the W/R latch 1531 in preparation for the next
buffer cycle of operation.

Referring now to FIG. 28B, the AND circuit 1428
conditioned by the positive signal on the WR line is
effective to pass the T4 clock pulse via the OR circuit
1429 to step the ROS counter 1432 so that stage 0 is
turned off and stage 1 is turned on. Stage 1 of the ROS
counter 1432 in being turned on applies a negative sig-
nal to OR circuit 1437 which, in turn, applies a positive
signal to condition AND circuits 1438 and 1440. The
oscillator 1445 is connected to a frequency divider 1446
which responds to the trailing edge of each oscillator
pulse and produces one pulse for every five pulses pro-
duced by the oscillator 1445. The positive pulse from
the frequency divider 1446 is produced at T4.5 time and
is applied via the inverter 1442B to reset the buffer flip
flop 1443 at T4.5 time. The positive pulse from the
frequency divider 1446 is also applied to the now condi-
tioned AND circuit 1438 which is rendered effective to
apply a negative signal at T4.5 time to the inverter 1458
in FIG. 28D where it is inverted to a positive signal and
applied to the AND circuit 1459. The AND circuit
1459 conditioned by a positive signal on the WR line
1401 passes a negative signal to the OR circuit 1460
which in turn applies a positive signal to the inverter
1461 where it is inverted to a negative signal to step the
address counter 1462 to address 1. Decoder 1463 de-
codes the address and applies a drive signal on the ad-
dress 1 drive line to cause the next line of data to be read
out of the buffer 1478 starting at T4.5 time. Referring
back to FIG. 28B, the trailing edge of the positive pulse
from the frequency divider 1446, which occurs at the
end of T4 time, is applied to reset stage 4 of the buffer
clock 1447. Stage 4 of the buffer clock 1447 in being
reset terminates the T4 clock pulse and the negative
transition of the trailing edge of the T4 clock pulse is
applied to the inverter 1439 where it is inverted to a
positive transition and applied to render the AND cir-
cuit 14490, conditioned by the positive signal from the
OR circuit 1437, effective to apply a negative transition
to the OR circuit 1441. The OR circuit 1441, in turn,
applies a positive transition signal to the inverter 1442A
which inverts it a negative transition signal to turn on
the buffer flip flop 1443. The buffer flip flop 1443 in
being turned on applies a negative signal to OR circuit
1444 which, in turn, applies a positive signal to condi-
tion the oscillator 1445 to produce another series of
oscillator pulses for stepping the buffer clock 1447.

It will be noted that there are six 5-bit bytes of pattern
data per quadrant stored in the pattern table 1436. Ac-
cordingly, the ROS counter 1432 must be stepped six
times to read out each of the six 5-bit bytes of quadrant
pattern data and, likewise, the buffer clock 1447 must
also be cycled six times to permit the six 5-bit bytes of
quadrant pattern data read out of the pattern table 1436
to be meshed with six 5-bit bytes of data addressed in
the selected buffer unit and reloaded back into the same
six address locations. Accordingly, during each of the
five succeeding buffer cycles of operation, the follow-
ing sequence occurs: At TO time, the 5-bit byte from the
next addressed locaton is read out of the selected buffer
unit and loaded into register 1489; at T1 time, the 5 bit
byte of data is gated from register 1489 and loaded into
register 1498; at T2 time, a 5 bit byte of data represent-
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ing a meshed combination of the content of registers
1498 storing 5 bit byte of data read out of the address
location of the selected buffer unit and the contents of
register 1496 presently storing a 5 bit byte of pattern
data previously read out of the pattern table 1436 is
loaded into register 1502; at T3 time, the W/R latch
1531 is set to the write state and the 5 bit byte of meshed
pattern data is loaded back into the addressed location
of the selected buffer unit; at T4 time, the leading edge
of the T4 pulse is applied to reset the W/R latch 1531 to
the read status and to step the ROS counter 1432 so that
via decoder 1434 the next 5 bit byte of quadrant pattern
data is read out of the pattern table 1436 and loaded into
register 1496; at T4.5 time, the leading edge of the pulse
from the frequency divider 1446 is effective to reset the
buffer flip flop 1443 and via the AND circuit 1438 pro-
duce a signal to step the address counter 1462 to the
next address location; at the end of the T4 time, the
trailing edge of the pulse from the frequency divider
1446 is applied to reset stage 4 of the buffer clock 1447
and the trailing edge of the T4 pulse is effective via
AND circuit 1440 to set the buffer flip flop 1443 to
initiate the next cycle of operation of the buffer clock
1447. The sixth cycle is the same as that described above
for the preceding five cycles except that at T4 time
when the ROS counter 1432 is stepped from stage 5 to
stage 6 the OR circuit 1437 will niow apply a negative
signal to decondition the AND circuits 1438 and 1440.
As a consequence, the AND circuit 1438 is blocked
from producing a signal to step the address counter
1462 at T4.5 time. Since the address counter 1462 is not
stepped at the end of the sixth cycle of the buffer, it will
be apparent that the first 5 bit byte of the next six 5-bit
bytes of quadrant pattern data from the pattern table
1436 will be meshed with the last 5 bit byte of the previ-
ous six 5-bit bytes of quadrant pattern data. This overlap
of pattern data is necessary in order to properly mesh
the successive qaudrant data patterns as can be seen in
the illustration.shown in FIG. 28F. Additionally, refer-
ring to FIG. 28G, at T4 time during every cycle the
negative pulse from the AND circuit 1530 is applied to
the frequency divider 1503 in FIG. 28D. This frequency
divider 1503 produces one output pulse for every six
input pulses applied thereto. Accordingly, during this
sixth cycle when the sixth pulse from the AND circuit
1530 is applied to the frequency divider 1503, a positive
output pulse is produced by frequency divider 1503
which is inverted to a negative pulse and applied to
decrement the halftone counter 1405 indicating that one
halftone number has been processed. Referring back to
FIG. 28B, during the sixth cycle since the AND circuit
1440 is deconditioned at the beginning of T4 time due to
the negative output of the OR circuit 1437 when the
ROS counter 1432 stepped to stage 6, the trailing edge
of the 'T4 pulse is ineffective to render the AND circuit
1440 effective to set the buffer flip flop 1443. As a con-
sequence, the oscillator 1445 is deconditioned to inhibit
further production of oscillator pulses to cycle the
buffer clock 1447. :

The next halftone number representing a Q3 quadrant
value is next applied and upon application of a load
halftone number control signal the process previously
described above is repeated to permit the proper quad-
rant pattern data to be loaded into the buffer 1478A
after which the halftone counter 1405 is again decre-
mented by 1. The pattern data for the halftone number
sequence of Q4, Q3, Q4, Q3. . ., is successively loaded
into the selected buffer unit 1478A until such time as the
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halftone counter 1405 is decremented to 0. Referring
now to FIG. 28D, the decoder 1406 decodes that the
halftone counter is at 0 and applies a positive signal to
the AND circuit 1465 in FIG. 28E. A second input of
the AND circuit 1465 is connected to the WR. line -
which has a positive signal maintained thereo to thereby
condition the AND circuit 1465. At the occurance of
the next positive pulse from the frequency divider 1446
in FIG. 28C, the AND circuit 1465 is rendered effective
to apply a negative pulse to the END W REV line. The
negative pulse on this line is applied to the OR circuit
1466 which in turn applies a positive pulse to the in-
verter 1467 where it is inverted to a negative pulse to
step the revolution counter 1472 from stage 0 to stage 1.
Stage 1 of the revolution counter 1472 in being turned
on applies a positive signal on the REV1 line to condi-
tion the sequencer in FIG. 28A to switch between quad-
rants Q1 and Q2 during revolution 1. The positive signal
on the REV1 line is also applied to the inverter 1474A
where it is inverted to a negative signal and applied to
the OR circuit 1475A to maintain a positive signal on
the REV0/1 line which is applied to the buffer unit
selector 1479 in FIGS. 28F and 28G. This will maintain
the buffer 1478A as the selected buffer unit for this
revolution thereby permitting the Q1 and Q2 pattern
data to be meshed in with the previously loaded Q4 and
Q3 pattern data in buffer unit 1478A. The negative pulse
on the END W REY line is also applied to OR circuits
1402 and 1507 in FIG. 28D. OR circuit 1402 in response
thereto applies a positive signal to reload the preset
value in register 1403 into the halftone counter 1405
while OR circuit 1507 in response thereto applies a
positive pulse to inverter 1533 where it is inverted to a
negative pulse to reset the address counter 1462 in prep-
aration for the next revolution.

During revolution 1 the Q1 and Q2 halftone number
sequence is applied to the processor which operates in
the same manner as previously described to extract the
proper pattern data for each received quadrant halftone
number value, format it with adjacent Q4 and Q3 pat-
tern data previously loaded in the buffer during revolu-
tion 0 to provide a meshed data configuration in the
selected buffer unit 1478A. At the end of revolution 1
when the halftone counter 1405 is stepped to a count of
0 the revolution counter is again stepped from stage 1 to
stage 2. Stage 2 of the revolution counter 1472 in being
turned on applies a positive signal on the REV2 line to
condition the sequencer in FIG. 28A to sequence be-
tween quadrants 3 and 4 during revolution 2. Addition-
ally, the positive signal on the REV?2 line is applied to
the inverter 1473B where it is inverted to a negative
signal and applied to the OR circuit 1475B which, in
turn, applies a positive signal to the buffer unit selector -
1479 causing the buffer unit 1478B to be the selected
buffer unit during this revolution. Accordingly, during
revolution 2, the processor receives the Q3 and Q4
halftone numbers from the halftone number list, extracts
the proper pattern data for each received quadrant
halftone number value and loads it into the now se-
lected buffer unit 1478B. At the end of revolution 2,
when the halftone count equals 0, 2 negative pulse on
the END W REYV line is again applied to step the revo-
lution counter 1472 from stage 2 to stage 3, reset the
address counter 1462 and reload the halftone counter
1405. Stage 3 of the revolution counter 1472 in being
turned on applies a positive signal via the REV3 line
sequencer in FIG. 28A to switch between quadrants Q2
and Q1 during revolution 3 and also to maintain a posi-
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tive signal on the REV2/3 line to control the buffer unit
selector 1479 to maintain buffer unit 1478B as the se-
lected buffer unit. Accordingly, during revolution 3, the
processor logic receives the Q2 and Q1 halftone num-
bers from the halftone number list, extracts the proper
pattern data from the pattern table 1436 and formats it
with adjacent Q3 and Q4 pattern data loaded in buffer
1478B during revolution 2 to provide a meshed data
configuration in buffer storage unit 1478B. Referring
now to FIG. 28E, the positive signal on the REV3 line
is also applied to render the AND circuit 1469, condi-
tioned by the positive signal on the WR line, effective to
apply a negative signal to OR circuit 1471 which in turn
applies a positive conditioning signal to stage 0 of the
revolution counter 1472 in preparation for stepping the
counter from stage 3 back to stage 0. At the end of
revolution 3, the negative pulse on the END W REV
line is applied to step the revolution counter from stage
3 back to stage 0. As a result, the negative trailing edge
of the positive signal on the REV3 line is applied to
decondition AND circuit 1450, previously conditioned
by positive signals on the WR and REV3 lines. The
AND circuit 1450 in being deconditioned is effective to
apply a positive signal to the inverter 1451 in FIG. 28F
where it is inverted to a negative signal and applied to
step sequence counter 1477 from stage O to stage 1.
Thus, it will be apparent that the sequence counter 1477
is stepped once for each cycle of the revolution counter
1472 and during each sequence, the next set of Q4, Q3 .
..Q1,Q2...Q3 Q4...Q2 Q1 halftone data is re-
ceived, the proper pattern data extracted from the pat-
tern table and loaded into the succeeding buffer units
selected in accordance with the states of the revolution
counter 1472 and the sequence counter 1477.

Referring now to FIG. 28E, during REV3 of SEQ3,
positive signals on the WR, REV3 and SEQ3 lines are
applied to condition AND circuit 1509. At the end of
REV3 of SEQ3, the negative pulse on the END W
REV line is supplied to inverter 1508 where it is in-
verted to a positive pulse to render AND circuit 1509
effective to produce a negative signal on the WR END
line. The negative signal on the WR END line is applied
to reset the write flip flop 1401 and to signal the end of
the write operation.

Read Operation

At the start of the read operation, a system reset is
applied to reset all counters and registers in preparation
for the read operation. The read operation can be fol-
lowed in conjunction with the timing diagram in FIG.
31. Referring now to FIG. 28D, a read pulse is applied
to turn on read flip flop 1510 producing a positive signal
on the RD line and a negative signal on the RD line
indicating a read operation is to be preformed. Follow-
ing this, a control signal is applied to the load plot
counter line and via OR circuit 1511 renders the AND
circuit 1513 effective to pass a preset value in register
1403 to the plot counter 1514, the value in the register
1512 corresponding to the number of lines of pattern
data stored in the buffer 1478 during the write opera-
tion. The negative signal on the RD line is applied to the
OR circuit 1444 in FIG. 28B which, in turn, applies a
positive signal to gate on the oscillator 1445 in FIG.
28C to produce a train of oscillator pulses to cycle the
buffer clock 1447 so long as the read flip flop 1510 is
maintained on. The revolution counter 1472 in FIG.
28E in being reset maintains stage 0 on and stages 1 to 4
off. Stage 0 in being turned on applies a negative signal
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via the REV 0 line to the OR circuit 1481 in FIG. 28F
which, in turn, applies a positive conditioning signal to
the AND circuit 1482. Accordingly, the positive signal
on the RD line is applied to render the AND circuit
1482 effective to apply a negative signal to the OR
circuits 1483 which, in turn, apply positive signals to
simultaneously select all buffer units for operation. Ad-
ditionally, the W/R latch 1531 is in a reset condition
and, accordingly, applies a signal to maintain all se-
lected buffer units conditioned for a read out operation.
Also, the decoder 1463 in FIG. 28D decodes the reset
condition of the address counter and produces a drive
signal on the address zero line to address the zero loca-
tion of all the storage buffer units.

Referring now to FIGS. 281 and 28J, the positive
signal on the RD line is applied to the inverter 1485
where it is inverted to a negative signal and applied to
the OR circuit 1486 which, in turn, applies a positive
signal to condition the AND circuit 1487. At TO time,
the TO clock pulse renders the AND circuit 1487 effec-
tive to apply a negative signal to the inverter 1488
which in turn applies a positive gating signal to load the
registers 1489 with the first line of pattern data read out
of location zero of the buffer 1487. At T1 time, the T1
clock pulse has no effect at the AND circuit 1490 inas-
much as it is deconditioned by a negative signal on the
WR line. The positive signal on the RD line is applied
to one input of the AND circuits 1522. Since stage 0 of
the revolution counter 1472 is on and all the remaining
stages are off, a positive signal is applied via the REV0
line to condition AND circuit 1522A while negative
signals on the REV1 to REV4 lines are applied to de-
condition the AND circuits 1522B to 1522E. Accord-
ingly, at T1 time, the T1 clock pulse is applied to render
the AND circuit 1522A effective to apply a negative
pulse to the inverter 1523A where it is inverted to a
positive pulse and applied to AND circuits 1524A to
gate an 8 bit wide band of pattern data which includes
the 5 bits stored in register 1489A and the 3 leftmost bits
stored in register 1489B via the OR circuits 1526 to
main storage where it will be stored at a designated
location in preparation for writing the plot pattern data
to the scanner/plotter control unit. Referring now to
FIG. 28G, the T2, T3 and T4 clock pulse are ineffective
at the buffer 1478 inasmuch as the AND circuits 1500,
1528 and 1530 are deconditioned at this time by a nega-
tive signal on the WR line. Referring now to FIG. 28D,
the positive signal on the RD line is applied to condition
the AND circuit 1517 so that at T4 time, the T4 clock
pulse renders the AND circuit 1517 effective to apply a
negative signal to decrement the plot counter 1514 by a
count of one. The negative signal from the AND circuit
1517 is also applied to the OR circuit 1460 which, in
turn, applies a positive signal to the inverter 1461 where
it is inverted to a negative signal to step the address
counter 1462 to address 1. In a similar fashion, succeed-
ing 8 bit bytes of pattern data are read out of buffer units
1478A and 1478B and transferred to main storage as an
8 bit byte wide band of record data. :

Referring now to FIGS. 28D and 28E, at T4 of the
cycle in which the plot counter 1514 is stepped to zero,

. AND circuit 1517 is rendered effective by a T4 clock
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pulse to apply a negative signal to step the plot counter
1514 to a count of zero and is also applied to inverter
1518 where it is inverted to a positive signal and applied
to one input.of AND circuit 1532. The positive signal
on the RD line is applied to a second input of the AND
circuit 1532. Decoder 1515 decodes the plot count equal
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to zero and applies a positive signal to a third input of
the AND circuit 1532 thereby conditioning the AND
circuit 1532. At T4.5 time the oscillator 1445 in FIG.
28C applies a negative pulse to the inverter 1519 in FIG.
28E where it is inverted to a positive signal to render
the AND circuit 1532 effective to produce a negative
pulse on the END R REV line which is applied to OR
circuits 1507 and 1511. Or circuit 1507 in response
thereto applies a positive pulse to inverter 1533 where it
is inverted to a negative reset pulse to reset the address
counter 1462 in preparation for the next revolution
while OR circuit 1511 applies a positive signal to AND
circuit 1513 to permit the contents of the register 1512
to be reloaded in the plot counter 1514 for the next
revolution operation. The negative pulse on the END R
REV line is also applied to the OR circuit 1466 which,
in turn, applies a positive pulse to the inverter 1467
where it is inverted to a negative pulse to step the revo-
lution counter 1472 from stage 0 to stage 1. During
REV1 and each of the succeeding revolutions REV?2,
REV3 and REV4, the processor logic operates in the
same manner as that described above for REV0 except
that AND circuits 1524B, 1524C, 1524D and 1524E are
rendered effective during each succeeding revolution to
read out the next band of 8 bit bytes of pattern record
data to main storage. It should be noted that the feed-
back path from stage 3 of the revolution counter 1472 to
stage 0 is blocked during a read operation by the nega-
tive signal maintained on the WR line input to the AND
circuit 1469. Also, it should be noted that the positive
signal on the RD line is applied to condition the cou-
pling between stage 3 and stage 4 so that at the end of
REV3 when a stepping pulse is applied to the revolu-
tion counter 1472, it is stepped from stage 3 to stage 4.
Stage 4 in being turned on applies a positive signal on
the REV4 line which in combination with the positive
signal on the RD line renders AND circuit 1470 effec-
tive to apply a negative signal to OR circuit 1471 which,
in turn, applies a positive conditioning signal to stage 0
of the revolution counter 1472. Accordingly, upon the
occurrance of the negative pulse on the END R REV
line at the end of REV4, the revolution counter 1472
will be stepped from stage 4 back to stage 0.
Referring now to FIG. 28E, during the cycle in
which the plot counter 1514 is stepped to zero in REV4,
positive signals are applied on the RD and REV4 lines
to condition the AND circuit 1521. Accordingly, at
T4.5 time of the cycle, the negative pulse on the END
R REY line is applied to inverter 1520 where it is in-
verted to a positive signal to render the AND circuit
1521 effective to apply a negative pulse on the RD
END line. The negative pulse on the RD END line is
applied in FIG. 28D to reset the read flip flop 1510 and
signal the end of the read operation. The read flip flop
1510 in being reset applies a positive signal on the RD
line to the OR circuit 1444 in FIG. 28B which, in turn,
applies a negative signal to decondition oscillator 1445
to inhibit further production of oscillator pulses. At this
_point, the buffer 1478 has been completed unloaded and
another write operation may be initiated whereby half-
tone number values from the halftone number list may
be applied to the processor to permit the next set of
pattern data to be loaded into the buffer 1478. In this
fashion the buffer 1478 may be alternately loaded and
unloaded with a succession of write and read opera-
tions.
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Detailed Description of Plot Operation
Initial Set Up Operation

Referring to FIG. 1, the film or photosensitive mate-
rial is mounted on the drum 2 and by a combination of
the operation of the single/continuous and right/left
switches at the operator panel, the head assembly is

-moved into position adjacent an edge of the document

to be plotted. At the operator panel, by operation of a
combination of the mirror/normal and positive/nega-
tive switches, the operator has the option of plotting
normal-positive, normal-negative, mirror-positive or
mirror-negative as shown in FIG. 16.

Referring now to FIG. 23D the M/N switch applies
a positive or ground signal via the MIRROR/NOR-
MAL line to the inverter 1146 and AND circuit 1148 in
the Buffer and Bus Control 1100 in FIG. 23C. If the
M/N switch is set to the NORM point in FIG. 23D, a
ground signal is applied to inverter 1146 where it is
inverted to a positive signal to condition the AND
circuits 1150 to pass data in normal form from the data
register 1144 to the OR circuits 1156. On the other hand
if the M/N switch is positioned to the MIRROR point,
a positive signal is applied to render the AND circuits
1148 effective to pass the plot data in permuted form
from the data register 1144 and the P BOX 1152 to the
OR circuits 1156.

The P/N switch when positioned to the NEG point
applies a negative signal to set the true complement
circuit 202 in the complement condition so that plot
data, whether in mirror or normal form, received on the
S/P IN BUS is passed in complement form to the AND
circuits 204. On the other hand, if the P/N switch is
positioned to the POS point, then a positive signal is
applied to set the true complement circuit 202 to the
true condition and thereby pass plot data, whether in
mirror or normal form, as received to the AND circuits
204.

At the head assembly, the scan/plot lever 44 is moved
to the plot position and the mode switch 20 in FIG. 23A
is switched to the plot-position to apply a ground signal
via the PLOT SW line to the inverter 403 in FIG. 23D
where it is inverted to a positive signal to condition the
PLOT flip flop 404 for being turned on and condition
the AND circuit 814 in FIG. 23K for setting a fixed
value in the Y counter 820 as will be described hereaf-
ter. The ground signal on the PLOT SW line is also
applied to the inverter 916 in FIG. 23M where it is
inverted to a positive signal to condition the AND
circuits 921 and 923 in preparation for the plot opera-
tion. Further, the ground signal on the PLOT SW line
is applied to the motor control for signaling the motor
to operate at the slower speed. The operator then
presses the START DRUM push button in FIG. 23A to
produce a start drum signal, in a manner as previously
described in connection with the scan operation, to
initiate movement of the drum motor. When the drum
reaches the operating speed for the plot operaton, a
signal is applied via the drum up to speed line to condi-
tion the AND circuit 320. When the index point is
reached i.e. the index pulse is detected, the index pulse
renders the AND circuit 320 effective to apply a nega-
tive pulse to turn on the DRUM RDY flip flop 322 to
produce a positive signal on the DRUM RDY line
which is applied via FIGS. 23E and 23D and the com-
mon control bus to common control 1000 which in turn
transmits a ready device end signal to the data processor
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to initiate the sequence of commands for the plot opera-
tion.

Control Set Up Command Operation

The data processor first issues a control setup com-
mand to the scanner/plotter control unit followed by
the series of control bytes as shown in FIG. 17, the 3rd

and 4th bytes in this case containing the plot count and

the 5th byte identifying whether the plot data is being
plotted on film or paper. The execution of the control
setup command is identical to that previously described
in connection with the scan operation except as indi-
cated above in so far as the meaning of the 3rd and 4th
control bytes and the use made of the 5th control byte.
Accordingly, referring to FIG. 23D, when the 5th con-
trol byte is received, the AND circuit 602 is rendered
effective to apply a negative pulse via the BIT 3 line to
turn on or not the PAPER flip flop 920. If bit 3 of the
control byte is a 0 bit it indicates a film is to be pro-
cessed and, accordingly, the PAPER flip flop 920 is not
turned on. Therefore, a positive signal is applied from
the lower output of the PAPER flip flop 920 to render
the AND circuit 923 effective to apply a negative signal
to condition the single shot 924. On the other hand, if
the bit 3 is a 1 bit then the PAPER flip flop 920 is turned
on and a positive signal is applied to render the AND
circuit 921 effective to apply a negative condition signal
to the single shot 922. At the completion of the execu-
tion of the control setup command, common control
1000 transmits a channel end and device end signal to
the data processor to indicate the completion of the
execution of the command.

Write Command Operation

The data processor next.issues a write command, as
shown in FIG. 22, followed by-a record block of half-
tone plot data to common control 1000 of the scanner/-
plotter control unit. common control 1000 decodes the
command and applies a positive signal on the W CMD
line to the Buffer and Bus control 1100 in FIG. 23B.
The positive signal on the W CMD line is applied to
condition the AND circuits 1142 for passing halftone
plot data via the in bus to the data register 1144 and to
the inverter 1138 where it is inverted to a negative
signal to decondition the AND circuits 1140. Common
control 1000 then issues a negative pulse on the RES
BAR line to reset the BAR CTR 1132 and then a series
of negative pulses on the WR line to the Buffer and Bus
Control 1100 each of which initiates a cycle of opera-
tion to load a byte of halftone plot data via the IN BUS,
data register 1144 and DATA IN BUS to the Buffer
1200. Thus, each negative pulse on the WR line is ap-
plied to the OR circuit 1104 which in turn initiates a
cycle of operation of the Buffer and Bus Control 1100 in

a similar manner to that described for the write buffer !

operation during the Load Scan Buffer Command oper-
ation when scan data was being loaded into the buffer
except that in this case it is the halftone plot data that is
passed to the Buffer 1200 rather than scan data. After

Buffer 1200 is loaded with the record block of halftone |

plot data and the BAR CTR 1132 reaches the maximum
count, decoder 1134 decodes this condition and applies
a positive signal via the BFR END line to signal com-
mon control 1000 that the buffer write operation has
been completed. Common control 1000 then transmits a
channel end signal to the data processor to indicate that
the first band or record block of halftone plot data has
been loaded in the Buffer 1200. Common control 1000
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then issues a positive pulse via the common control bus
to the START S/P line in FIG. 23D. The operation of
the scanner/plotter control unit can now be followed in
conjunction with the timing diagram shown in FIG. 33,
which illustrates a representative example of the plot
operation where the reproduction parameters have the
following values; skip=2 and byte count=3. The posi-
tive ‘control pulse on the START S/P control line is
applied to the plot flip flop 404 which was previously
conditioned when the mode switch 20 in FIG. 23A was
positioned for the plot mode operation. Accordingly,
the plot flip flop 404 is turned on to apply a positive
signal to the plot mode line and a negative signal to the
not plot mode line. The positive signal on the plot mode
line is applied to condition the AND circuit 304 in FIG.
23A in preparation for receiving the index pulse while
the negative signal on the not Plot mode line is applied
to the OR circuit 418 which in turn applies a positive
signal via the ANY OP line to condition the END S/P
single shot 422. The Index flip flop 310 in being initially
in a reset state applies a positive signal on the not index
line in FIG. 23D to render the AND circuits 511 effec-
tive to pass the X skip value in register 510 via the OR
circuits 518 to the inputs of the Skip counter 522. Ac-
cordingly, the positive pulse on the start S/P control
line is applied to the inverter 515 where it is inverted to
a negative pulse and applied to the OR circuit 516
which, applies a positive load signal to the Skip counter
522 to effectively load the X Skip value from the skip
register 510 into the Skip counter 522. As a result of
loading the X skip value in the Skip counter 522, de-
coder 526 in FIG. 23E decodes the fact that a 0 value is
no longer contained in the skip counter and a negative
signal is applied and maintained on the SKIP CTR=0
line until the X skip value is decremented to 0.

Referring again to FIG. 23D, the positive pulse on
the start S/P line is applied as a load signal to load the
plot count in the S/P byte count register 512 into the
S/P byte counter 524. Decoder 528 in FIG. 23E de-
codes the fact that a 0 value is no longer stored in the
byte counter and, therefore, applies and maintains a
negative signal on the BYTE CNT=0 line until such
time as the plot count is decremented to 0.

A positive pulse is produced on the Index Pulse line
and applied to the AND circuit 304 which is now condi-
tioned by a positive signal on the plot mode line and is
rendered effective to apply a negative pulse to the OR
circuit 306 which in turn applies a positive pulse to the
inverter 308 where it is inverted to a negative pulse to
turn on-the Index flip flop 310. The Index flip flop 310
in being turned on applies a positive signal which in
combination with the positive index pulse renders the
AND circuit 311 effective to apply a negative pulse to
the inverter 313 where it is inverted to a positive pulse
on the gated index pulse line. Following this, the first
drum line is sensed and a positive pulse is produced on
the drum pulse line and applied to the AND circuit 312
which is conditioned by a positive signal from the Index

* flip flop 310. The AND circuit 312 is rendered effective
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to apply a negative pulse to the inverter 326 where it is
inverted to a positive pulse on the gated drum: pulses
line to the AND circuit 514 in . FIG. 23D, which is
conditioned by a positive signal on the not SKIP
CTR =0 FF line since the SKIP CTR =0 flip flop 532 is
initially in a reset condition. Accordingly, the AND
circuit 514 is rendered effective to apply a negative
pulse via the step line to decrement the X skip value in
the Skip counter 522. In a similar fashion, each succeed-




4,122,496

69
ing gated drum pulse is applied to decrement the X skip
value by 1 until such time as the X skip value reaches
the count of 0. At that time, decoder 526 in FIG. 23E
decodes this condition and applies a positive signal via
the SKIP CTR=0 to the AND circuit 904 in FIG.
23M, which is conditioned by positive signals on the
PLOT MODE and not SKIP CTR=0 FF lines, Ac-
cordingly, the AND circuit 904 is rendered effective to
produce a negative transition signal. Referring again to
FIG. 23E, the positive signal on the SKIP CTR =0 line
in combination with the gated drum pulse that caused
the Skip counter 522 to step the X skip value to a count
of 0 renders the AND circuit 530 effective to apply a
negative pulse to the OR circuit 531 which, in turn,
applies a positive pulse to the SKIP CTR=0 flip flop
532. The negative trailing edge of the positive pulse is
effective to turn on the SKIP CTR=0 flip flop 532
which, in being turned on applies a positive signal to the
SKIP CTR =0 FF line and a negative signal to the not
SKIP CTR =0 FF line. The negative signal on the not
SKIP CTR=0 FF line is applied to decondition the
AND circuit 904 and produce a positive transition sig-
nal. It should be apparent that the AND circuit 904
produces a negative pulse from the time that a positive
pulse is applied to the SKIP CTR =0 line to the time
that a negative signal is applied to the SKIP CTR=0
FF line. The negative pulse from the AND circuit 904
is applied to the OR circuit 907 which, in turn, applies
a positive pulse to the WR flip flop 910 which is condi-
tioned for being turned on by the positive signal on the
PLOT MODE line. Accordingly, the positive pulse
from the OR circuit 907 is effective to turn on the WR
flip flop which, in being turned on, applies a positive
signal to the WR line and a negative signal to the not
WR line. The positive pulse from the OR circuit 907 is
also applied to the inverter 914 where it is inverted to a
negative pulse and applied via the DATA FETCH line
to the OR circuit 1104 in FIG. 23B to initiate a cycle of
operation of the Buffer and Bus Control 1100 similar to
that described for the read buffer command operation
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when scan data was being read out of the buffer and _

transmitted to the data processor except that in this case
it is the halftone plot data that is read out of the Buffer
1200 and transmitted to the scanner/plotter control unit
rather than scanned data. The halftone plot data byte
read out of the Buffer 1200 and loaded into the data
register 1144 is passed via a normal path including
AND circuits 1150 or a mirror path consisting of AND
circuits 1148 and permutation box 1152, depending on
the setting of the M/N switch in FIG. 23D, and the OR
circuits 1156 to the AND circuits 1158. The positive
signal on the PLOT MODE line renders the AND
circuits 1158 effective to pass the halftone plot data byte
via the OR circuits 1164 and the S/P in bus to the true
complement circuit 202 in FIG. 23D. Depending upon
the document to be plotted upon, the true complement
circuit 202 is set to a true or complement condition to
pass the halftone plot data byte, whether in normal or
mirror form, to the AND circuit 204 in true or comple-
ment form.

Referring now to FIG. 23M, positive signals on the
PLOT MODE and SKIP CTR =0 FF lines are applied
to condition the AND circuit 902 so that upon the next
occurring gated drum pulse, after that which caused the
X skip value to decrement to a value of 0, is applied to
render the AND circuit 902 effective to apply a nega-
tive pulse to the inverter 905 where it is inverted to a
positive pulse and applied to the AND circuits 908 and
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918. The positive pulse is ineffective at the AND circuit
908 inasmuch as it is deconditioned by the negative
signal on the not WR line. However, the positive pulse
is effective at the AND circuit 918, which is condi-
tioned by the positive signal on the WR line, to render
the AND circuit effective to apply a negative pulse to
inverter 919 where it is inverted to a positive pulse
which is applied to condition single shot 926 and the
positive leading edge of which is effective to fire one of
the single shots 922 or 924, depending upon the state of
the PAPER flip flop 920. The negative pulse from the
single shots 922 or 924 is applied to the OR circuit 928
which in turn applies a positive pulse to the SAMPLE
DATA line, the period of the pulse being longer if the
FILM single shot 924 is fired then if the PAPER single
shot 922 is fired. Referring now to FIG. 23D, the posi-
tive pulse on the SAMPLE DATA line is applied to
render the AND circuit 204 effective to pass the half-
tone plot data byte via the PLOT DATA BUS to the
LED DRIVER CIRCUITS 206 in FIG. 23A. The
LED DRIVER CIRCUITS 206 control the light emit-
ting diodes 60 to be turned on or not in accordance with
the bits of the halftone plot data byte to pass light via
the fiber optics 62 for the sample data period and via the
mirror 40 and lens 32 to plot the halftone data byte on
the document. Referring back to FIG. 23M, if the posi-
tive pulse on the SAMPLE DATA line results from the
shorter period PAPER single shot 922 having been
fired then the negative trailing edge of this positive
pulse is effective to fire the single shot 926 whereas if
the positive pulse on the SAMPLE DATA line results
from the longer period FILM single shot 924 having
been fired then the negative trailing edge of the positive
pulse from the inverter 919 is effective to fire the single
shot 924. The single shot 924 in being fired applies a
negative pulse to the RST WR FF/STEP BC lines. The
negative pulse on the RESET WR FF line is applied to
the OR circuit 909 which, in turn, applies a positive
pulse to the inverter 910 where it is inverted to a nega-
tive pulse to turn off the WR flip flop 911 which, in
being turned off, applies a negative signal to the WR
line and a positive signal to the not WR line. The nega-
tive pulse from the single shot 926 is also applied via the
STEP BC line to step the S/P byte counter 524 in FIG.
23B to decrement the plot count by 1. If the plot count
is not at a value of 0, a negative signal is maintained on
the BYTE CNT =0 line which is applied to the inverter
903 in FIG. 23M where it is inverted to a positive signal
which in combination with the positive signal on the not
WR line condition the AND circuit 908. Accordingly,
the next gated drum pulse, effective via the AND cir-
cuit 902 and inverter 905, renders the AND circuit 908
effective to apply a negative pulse to the OR circuit 907
which, in turn, applies a positive pulse to again turn on
the WR flip flop 911 which, in being turned on, again
applies a positive signal on the WR line to condition the
AND circuit 918 and a negative signal on the not WR
line to decondition the AND circuit 908. The positive
pulse from the OR circuit 907 is also applied to the
inverter 914 where it is inverted to a negative pulse and
applied via the DATA FETCH line to signal the Buffer
and Bus Control 1100 to initiate a second cycle of oper-
ation to read out the next halftone plot data byte.

Referring now to the timing diagram in FIG. 33, it is
apparent that after the X skip value is decremented to a
value of O that each alternate gated drum pulse is effec-
tive to produce a DATA FETCH puise to signal the
Buffer and Bus Control 1100 to initiate a cycle of opera-
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tion of the Buffer 1200 to fetch the next byte of halftone
plot data which is then passed to the scanner/plotter
control unit and that each next succeeding alternate
gated drum pulse is effective to produce the SAMPLE
DATA pulse to sample the halftone plot data which is
then passed to the head assembly for plotting on the
document. Since it requires 2 drum pulses per data plot
and since the drum moves in the X dimension at the rate
of 1.1 mils per drum pulse, it should be apparent that a
byte of halftone plot data is plotted every 2.2 mils on the
document.

The plot process is repeated for each halftone plot
data byte and continues until the plot count in the S/P
byte counter 524 in FIG. 23D is decremented to a count
of 0. Decoder 528 in FIG. 23E decodes this condition
and applies a positive signal via the BYTE CNT =0 line
to one input of the AND circuit 406 and to the inverter
903 in FIG. 23M where it is inverted to a negative signal
to decondition the AND circuit 908. The AND circuit
908 in being deconditioned blocks any further gated
drum pulse from being effective to turn on the WR flip
flop 911. Consequently, at the end of the last plot cycle,
when the WR flip flop 911 is turned off a positive signal
is applied via the not WR line which in combination
with the positive signal on the BYTE CNT=0 line
conditions the AND circuit 406 in FIG. 23E. At the
start of the next gated drum pulse, the AND circuit 902
is again rendered effective to apply a negative signal to
the inverter 905 where it is inverted to a positive signal
and applied to the AND circuit 908, which is now de-
conditioned by the negative signal on the not WR line,
and to render the AND circuit 406 in FIG. 23E effec-
tive to apply a negative pulse to the END P line. The
negative pulse on the END P line is applied to the OR
circuit 420 which, in turn, applies a positive pulse to fire
the single shot 422 to produce a negative pulse on the
END S/P line. The negative pulse on the END S/P line
is applied to the OR circuit 323 in FIG. 23A which, in
turn, applies a positive pulse to the inverter 325 where
it is inverted to a negative pulse to reset the INDEX flip
flop 310. The INDEX flip flop 310 in being reset applies
a negative signal from the upper output thereof to de-
condition the AND circuit 312 and thereby block fur-
ther production of the gated drum pulses. The negative
pulse on the END S/P line is also applied to the OR
circuit 525 in FIG. 23E which, in turn, applies a positive
pulse to the inverter 529 where it is inverted to a nega-
tive pulse to reset the SKIP CTR =0 flip flop 532. Addi-
tionally, the negative pulse on the END S/P line is also
applied to reset the PLOT flip flop 404 in FIG. 23D to
terminate the plot operation. Also, the negative pulse on
the END S/P line is applied via the COMMON CON-
- TROL BUS to signal the COMMON CTRL 1000 that
the plot operation has been completed. COMMON
CTRL 1000, in turn transmits a device end signal to the
data processor to indicate that the execution of the
write command has been completed.

Y Control - Plot Operation

At the end of the plot operation, COMMON CTRL
1000 applies a positive pulse via COMMON CON-
TROL BUS and the STAT RES DE line to the AND
circuit 814 in the FIG. 23K which is presently condi-
tioned by a positive signal on the PLOT MODE SW
line. Accordingly, AND circuit 814 is rendered effec-
tive to apply a negative signal to load a bit in the high
order stage of the Y CTR 820 in preparation for step-
ping the head assembly axially in the Y direction in
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accordance with a fixed count (32) prior to the next
revolution of the drum when the next band of record
plot data is to be plotted on document. The negative
pulse from the AND circuit 814 is also applied to the
OR circuit 815 which in turn applies a positive pulse to
the inverter 816 where it is inverted to a negative pulse
to turn on the SCAN/PLOT flip flop 828, the STEP
CTR flip flop 832 and to reset CRT CTRL flip flop 836
to initiate the Y stepping operation in a manner as previ-
ously described in order to move the head assembly a
fixed distance of 17.6 mils, which is the width of a plot
band, in preparation for plotting the next band of record
plot data.

At the end of the execution of the write command
and while the head assembly is moving in the Y direc-
tion, the data processor transmits a second write com-
mand followed by another record block of halftone plot
data to common control 1000. Common control 1000
again decodes the command and signals the Buffer and
Bus Control 1100 to initiate a series of cycles of opera-
tion to load the tecord block of halftone plot data into
the buffer 1200. After Buffer 1200 is loaded with the
record block of halftone plot data, common control
1000 transmits a channel end signal to the data proces-
sor to indicate that the second band or record block of
halftone plot data has been loaded in the Buffer 1200. If
the head assembly is still moving in an axial direction
the execution of the write command does not proceed
until such time as a head stopped signal is received from
the Y control, in a similar manner as previously de-
scribed. When the head stopped signal is received or if
it has already been received, execution of the write
command is continued to plot the next band of halftone
plot data on the document in the same manner as previ-
ously described with respect to the first write com-
mand. In a similar manner, by successive write com-
mands, each followed by a:fixed Y increment of the
head assembly, the entire halftone reproduction is plot-
ted on the document.

When the data processor determines the number of
plot bands required to be plotted has been completed, a
control drum stop command is next transmitted to the
scanner/plotter control unit in order to stop the opera-
tion of the drum, in a manner as previously described, to
effectively end the plot operation.

What is claimed is:

1. Apparatus for producing a halftone image repro-
duction of a continuous tone original image comprising:

means scanning said original image along a series of

scan lines to provide reflected light from continu-
ous sets of concentric sharp and unsharp areas of
said image,

means responsive to said reflected light from said

concentric areas to produce continuous sets of
corresponding sharp and unsharp analog signals
proportional to the light reflective density of said
concentric areas,

analog to digital conversion means receiving said

sharp and unsharp analog signals,

means providing a first set of incremental control

parameter signals in accordance with a predeter-
mined one of a series of reproduction ratios which
vary from an enlargement to a reduction of said
original image to define scan sample points on said
series of scan lines,

means responsive to said first set of incremental con-

trol parameter signals for controlling said analog to
digital conversion means to produce successive sets
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of digital sharp and unsharp gray level data signals
at said scan sample points proportional to the light
reflective density of successive sets of concentric
sharp and unsharp areas of said image at said scan
sample points with the sharp area at each scan
sample point corresponding to the general area of a
predetermined portion of a halftone cell,

means providing a second set of incremental control

parameter signals in accordance with said predeter-
mined one of said reproduction ratios to define the

. distance between succeeding scan lines,

means responsive to said second set of incremental

control parameter signals for positioning said scan-
ning means to succeeding scan lines,

means combining said successive sets of digital sharp

and unsharp gray level data signals in a predeter-
mined manner to produce a succession of digital
resultant gray level data signals,

means converting said succession of digital resultant

gray level data signals to a succession of digital
halftone data signals, and

means responsive to said succession of digital half-

tone data signals for producing a halftone image
reproduction corresponding to said continuous
tone original image.

2. Apparatus as in claim 1 wherein said scanning
means includes, '

means having a first set of apertures corresponding to

different size sharp elemental areas of said original
image,

means having a second set of apertures corresponding

to different size unsharp elemental areas of said
original image concentric with said different size
sharp elemental areas with the size of correspond-
ing ones of said apertures of said first and second
set being proportional to different ones of said
series of reproduction ratios,

means controlling said first and second aperture

means to position corresponding apertures of said
first and second aperture set in the path of the light
reflected from elemental areas of said original
image and producing signals identifying the corre-
sponding apertures in the light path,

means providing a control parameter signal identify-

ing corresponding apertures of said first and sec-
ond aperture set in accordance with said predeter-
mined one of said reproduction ratios, and

means enabling said aperture controlling means to

successively position succeeding corresponding
apertures of said first and second aperture set in the
light path until a match is detected between the
signal identifying the corresponding apertures in
the light path and the control parameter signal so
that the light reflective density from the concentric
sharp and unsharp areas are proportional to said
predetermined one of said reproduction ratios.

3. Apparatus as in claim 1 further comprising means
providing an incremental control parameter signal de-
fining the distance from a starting point to the first scan
sample point of said series of scan lines, and

means disabling said controlling means in accordance

with said distance defining incremental control
parameter signal until said first scan sample point is
reached for each of said series of scan lines.

4. Apparatus according to claim 1 further comprising
means providing an incremental control parameter sig-
nal defining the number of scan samples to be taken
along each scan line, and
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means disabling said controlling means in accordance
with said number defining incremental control
parameter signal after a number of successive sets
of digital sharp and unsharp gray level data signals
is produced equal to the number defined by said
number defining incremental control parameter
signal.

5. Apparatus as in claim 1 further comprising

means providing a digital data signal representing a

sharpness factor having a predetermined value in
accordance with the original image being scanned,
and wherein said combining means combines said
successive sets of digital sharp and unsharp gray
level data signals in accordance with said digital
sharpness factor data signal in a predetermined
manner to produce said succession of digital resul-
tant gray level data signals.

6. Apparatus as in claim 5 wherein the predetermined
manner in which said combining means combines said
successive sets of digital sharp and unsharp gray level
data signals in accordance with said digital sharpness
factor data signal to produce said succession of digital
resultant gray level data signals is in a form expressed
by A+K(A—B) wherein A is the value of the digital
sharp gray level data signal, B is the value of the digital
unsharp gray level data signal and K is the value of the
sharpness factor signal.

7. Apparatus as claimed in claim 1 wherein the sharp

- area at each scan sample point corresponds to the gen-
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eral area of a quadrant of a halftone cell.

8. Apparatus as in claim 1 wherein said halftone
image reproduction means includes,

storage means successively storing said succession of

digital halftone data signals in record blocks of
digital halftone data signals,

means controlling said storage means to successively

read out said record blocks of digital halftone data
signals, :

photosensitive material,

means for plotting digital halftone data signals on said

photosensitive material, and

means successively transferring said record blocks of

digital halftone data signals from said storage
means to said plotting means for producing said
halftone image reproduction corresponding to said
continuous tone original image.

9. Apparatus as in claim 8 wherein said photosensitive
material is photographic film.

10. Apparatus as in claim 8 wherein said photosensi-
tive material is photographic paper.

11. Apparatus as in claim 8 further comprising means
providing an incremental control parameter signal de-
fining the number of digital halftone data signals to be
plotted for each of said record blocks of digital halftone
data signals, and

means controlling said plotting means in accordance

with said number defining incremental control
parameter signal to plot a number of digital half-
tone data signals equal to the number defined by
said incremental control parameter signal.

12. Apparatus as in claim 8 further comprising, means
providing an incremental control parameter signal to
define a distance equal to the width of a digital halftone
data signal plotted on said photosensitive material, and

means responsive to said distance defining incremen-

tal control parameter signal for positioning said
plotting means after each record block of digital
halftone data signals is plotted to a position for
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plotting the next record block of halftone data
signals ‘adjacent to the preceding record block of
halftone data signals.

13. Apparatus as in claim 8 further comprising means
controlling said transferring means to invert the digital
halftone data signals of said record blocks of digital
balftone data signals for producing a negative image
reproduction corresponding to said continuous tone
original image.

14. Apparatus as in claim 8 further comprising means
controlling said transferring means to permute the digi-
tal halftone data signals of said record blocks of digital
halftone data signals for producing a permuted image
reproduction corresponding to said continuous tone
original image.

15. Apparatus as in claim 14 further comprising
means controlling said transferring means to invert the
permuted digital halftone data signals of said permuted
record blocks of digital halftone data signals for produc-
ing a negative permuted image reproduction corre-
sponding to said continuous tone original image.

16. In apparatus for producing a halftone image re-
production of a continuous tone original image a scan-
ner controller comprising:

means scanning said original image along a series of

scan lines to provide reflected light from continu-
ous sets of concentric sharp and unsharp areas of
said image,

means responsive to said reflected light from said

concentric areas to produce continuous sets of
corresponding sharp and unsharp analog signals
proportional to the light reflective density of said
concentric areas,

analog to digital conversion means receiving said

sharp and unsharp analog signals,

means providing a first set of incremental control

parameter signals in accordance with a predeter-
mined one of a series of reproduction ratios which
vary from an enlargement to a reduction of said
original image to define scan sample points on said
series of scan lines,

means responsive to said first set of incremental con-

trol parameter signals for controlling said analog to
digital conversion means to produce successive sets
of digital sharp and unsharp gray level data signals
at said scan sample points proportional to the light
reflective density of successive sets of concentric
sharp and unsharp areas of said image at said scan
sample points with the sharp area of each scan
sample point corresponding to the general area of a
predetermined portion of a halftone cell,

means providing a second set of incremental control

parameter signals in accordance with said predeter-
mined one of said reproduction ratios to define the
distance between succeeding scan lines,

means responsive to said second set of incremental

control parameter signals for positioning said scan-
ning means to succeeding scan lines, and

means combining said successive sets of digital sharp

and unsharp gray level data signals in a predeter-
mined manner to produce a succession of digital
resultant gray level data signals each correspond-
ing to a predetermined portion of a halftone cell.

17. In apparatus for producing a halftone image re-
production of a continuous tone original image a scan-
ner controller comprising:

means scanning said original image along a series of

scan lines which repeats every four scan lines to

15

25

35

40

45

55

65

76

provide reflected light from continuous sets of
concentric sharp and unsharp areas of said image,

means responsive to said reflected light from said
concentric areas to produce continuous sets of
corresponding sharp and unsharp analog signals
proportional to the light reflective density of said
concentric areas,

analog to digital conversion means receiving said
sharp and unsharp analog signals,

means providing a first incremental control parame-
ter signal in accordance with a predetermined one
of a series of reproduction ratios which vary from
an enlargement to a reduction of said original
image to define a Y major distance between scan
lines, :

means providing a second incremental control pa-
rameter signal in accordance with said predeter-
mined one of said reproduction ratios to definea Y
minor distance between scan lines,

means controlling said scanning means in accordance
with said first and second incrémental control pa-
rameter signals so that successive scan lines are
alternately taken at said Y minor and Y major dis-
tances, .

means providing a third incremental control parame-
ter signal in accordance with said predetermined
one of said reproduction ratios to define an X
major distance between scan sample points,

means providng a fourth incremental control parame-
ter signal in accordance with said predetermined
one of said reproduction ratios to define a X minor -
distance between scan sample points,

means controlling said analog to digital conversion
means to produce successive sets of digital sharp
and unsharp gray level data signals at said scan
sample points along each scan line proportional to
the light reflective density of successive sets of
concentric sharp and unsharp areas of said image at
said scan sample points with the sharp area at each
scan sample point corresponding to the general
area of a quadrant of a halftone cell,

said controlling means effective while said scanning
means scans each first and fourth scan line of said
series of scan lines to successively control said
analog to digital conversion means in accordance
with said third and fourth incremental control pa-
rameter signals so that successive scan samples are
alternately taken at said X major and X minor
distances,

means providing a fifth incremental control parame-
ter signal in accordance with said predetermined
one of said reproduction ratios to define a slip dis-
tance in the scan direction by which the first scan
sample point of each second and third scan line is
offset from the first scan sample point of each first
and fourth scan line of said series of scan lines,

means effective while said scanning means scans each
second and third scan line of said series of scan lines
to disable said conversion controlling means in
accordance with said fifth incremental control
parameter signal so that the first scan sample for
the second and third scan line of said series of scan
lines is taken at said slip distance,

said conversion controlling means effective thereaf-
ter while said scanning means scans each second
and third scan line of said series of scan lines to
successively control said analog to digital conver-
sion means in accordance with said fourth and
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third incremental control parameter signals so that
successive scan samples are alternately taken at
said X minor and X major distances, and

means combining said successive sets of digital sharp

and unsharp gray level data signals in a predeter-
mined manner to produce a succession of digital
resultant gray level data signals each correspond-
ing to a quadrant of a halftone cell.

18. Apparatus as in claim 17 further comprising
means providing a sixth incremental control parameter
signal defining a skip distance from a starting point to
the first scan sample point of said series of scan lines,
and

means disabling said conversion controlling means in

accordance with said sixth incremental control
parameter signal until said first scan sample point is
reached by said scanning means for each scan line.
19. A method of producing a halftone image repro-
duction of a continuous tone original image comprising
the steps of:
scanning said original image along a series of scan
lines to provide reflected light from continuous sets
of concentric sharp and unsharp areas of said im-
age, .

producing continuous sets of corresponding sharp
and unsharp analog signals proportional to the light
reflective density of said concentric aréas,

providing analog to digital conversion for said sharp
and unsharp analog signals,
providing a first set of incremental control parameter
signals in accordance with a predetermined one of
a series of ratios which may vary from an enlarge-
ment to a reduction of said original image to define
scan sample points for each of said series of scan
lines, '
controlling said analog to digital conversion in accor-
dance with said first set of incremental control
parameter signals to produce successive sets of
digital sharp and unsharp gray level data signals at
said scan sample points proportional to the light
reflective density of successive sets of concentric
sharp and unsharp areas of said image at said scan
sample points with the sharp area at each scan
sample point corresponding to the general area of a
predetermined portion of a halftone cell,

providing a second set of incremental control param-
eter signals in accordance with said predetermined
one of said reproduction ratios to define the dis-
tance between succeeding scan lines,
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controlling the positioning of said scanning at suc-
ceeding scan lines in accordance with said second
set of incremental control parameter signals,

combining said succesive sets of digital sharp and
unsharp gray level data signals in a predetermined
manner to produce a succession of digital resultant
gray level data signals,

converting said succession of digital resultant gray
level data signals to a succession of digital halftone
data signals, and

producing a halftone image reproduction corre-
sponding to said continuous tone original image
from said succession of digital halftone data signals.

20. In a system for producing a halftone image repro-

duction of a continuous tone original image a method of
scanning the original image comprising the steps of:

scanning said original image along a series of scan
lines to provide reflected light from continuous sets
of concentric sharp and unsharp areas of said im-
age,

producing continuous sets of corresponding sharp
and unsharp analog signals proportional to the light
reflective density of said concentric areas,

providing analog to digital conversion for said sharp
and unsharp analog signals,

providing a first set of incremental control parameter
signals in accordance with a predetermined one of
a series of reproduction ratios which vary from an
enlargement to a reduction of said original image to
define scan sample points on said series of scan
lines, ; .

controlling said analog to digital conversion in accor-
dance with said first set of incremental control
parameter signals to produce successive sets of
digital sharp and unsharp gray level data signals at
said scan sample points proportional to the light
reflective density of successive sets of concentric
sharp and unsharp areas of said image at said scan
sample points with the sharp area at each scan
sample point corresponding to the quadrant of a
halftone cell,

providing a second set of incremental control param-
eter signals in accordance with said predetermined
one of said reproduction ratios to define the dis-
tance between succeeding scan lines,

controlling the positioning of said scanning at suc-
ceeding scan lines in accordance with said second
set of incremental control parameter signals, and

combining said successive sets of digital sharp and
unsharp gray level data signals in a predetermined
manner to produce a succession of digital resultant
gray level data signals each corresponding to a

quadrant of halftone cell.
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